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(57)Abstract: 

PROBLEM TO BE SOLVED: To form a conductive thin film exhibiting a high surface flatness, 
which can control stress of a ferroelectric thin film, especially a PZT thin film exhibiting a high 
surface flatness and an enough selfpolarization which is to be formed on a Si single crystal 
substrate. 

SOLUTION: A film structure is comprised of a substrate having a Si 100 on its surface and an 
oxide conductive thin film formed on the substrate. The oxide conductive thin film is an epitaxial 
film, whose major constituent is strontium lutenite. At least 80% of the surface of the oxide 
conductive thin film exhibits 10 nm or less of average roughness Rz of 10 points in a reference 
length of 500 nm. A ferroelectric thin film of zircon titanium or so is formed on the oxide 
conductive thin film. 
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TT?*)5IK"C*>6o fllx-tf. (0 0 1) ElRlHk 

c as*— ei»ircf±. 1^20-0 xtfuuifrc 

(0 0L) mEkft<OBM*—?(Dfcmt)*. (0 0L) SB 
S*fcog^:t 0 -^^a60 1 0%J^.T. #£L<te5%£Jt 
TT'fc5 0 #!JWll#fc*5l^T (0 0L) fit, (0 

0 1) * (0 0 2) *^^ffi*®S:J«*i-6*^-Cfc 
BSffirt£X-Yffi£U tt»*fRl«:Zttfc 

oTEftLTi^6#*&**>«5o £*>J;5ttElSlH\ RH 



(8) 1 -2 6 2 9 6 
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Hdn&EDtFf (Reflction HighEnergy Electron Diffract 
ion) "CfclK RHEEDffBtt, ^®fit-*m&jj£iSI 
(ft<Z)EftOS«gX?fc<5o 

[0055] mimmm&mmti. /<y7T**tL 

i/^/i/-C¥fflt?ifo 6 C & Li \ 
[0 0 5 6] SWR^ISattli. XRD (xjftmft) l-*3 

it^^Mf-^OOo ^y^^-y^W, R HE 

10 ED\z£Z>fo<ns<?— >T?Wmi-Z>zk&X-£Z>o £ 
£^X?£6 0 

[0 0 5 7] SMfc«5*«tti#)BifcJ:. Xm\EtffT\Z£Z> (0 

0 2) ffi©Rli©ns/^y^-^*fl[||^l. 50 
° &TkteZmm<01(££h&&mLX^Z>Zkt>W*^ 

I2|S$5OO0nm) fe\ 1 OnmJ^T. 
L<«5nmJ^TT*^^o r^J:5**ffi«Stt. 
20 im<0#£L<te8 0%J£JLL, <tt)^l<H9 0%^ 

r<b^£Ll\> _tia^ffiffi$l^, ««^BBi-^oT 

ot¥«iw»#tfctttoi omffi£i±&m>£isX<Dm 

±XRz^i0niB^TXfc5tH> _L1B(DJ: 51-1 0® 

10nm£JlTX^5Ci:^S*t6 o fc*3, ^ffiffl^R z 
fit. JIS B 0610^^$tbXV^6 o 
30 [0 0 5 8] p *y*ls#1j — 7 <D ZXtK z 60 T 

7° «f^0. 4° SS> -bISR zCOTPHSl^O. 

1 OniaSKXfc^o 

[0 0 5 9] £fc. RHEEDW^hy-^t^o 

[0 0 6 0] «PK1t KMb**mtt»iBI^«ilK4:« 
40 ±I5C0 J: 9 fc$HF- i^^^-COSffi^FStt^tf tt6SWb«J 

[0 0 6 1 ] SROfi. SrfcJlt/Ru^tfittX 
— fel-S r : R u : 0= 1 : 1 : 3XfcD, 

[0062] *»M^w*3^/^Tl^^b»»«tt»M^^v^s 

SRO^*5J-t5MT-itS r /Ru^F (Sr/Ru) ^ 
50 F (Sr/Ru) = 0. 9 1-0. 9 7 
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F(Sr/Ru) = 0- 9 2-0. 9 6 
F(Sr/Ru) = °- 9 3-0. 9 5 

X*5. H3-BI5I^ F (Sr/Ru )^c^OSR 

si-fts**^— H6i^t 0 ^ne>^)Bi^e>, f 

( Sr / Ru ) 0 . 9 4ftiE-C 3 FStt«H* s #feix*w 

F( Sr / Ru )^hStftt)*fc, 
Xfc»K<0«ffitta s «<fcoXL*5o ¥*&fc*B«r» 
SfcfcKF (Sr/Ru )£JifBttffltrac£te, Stififtf4= 

t£ J: < F (Sr/Ru ) fcWW-e* 6 0 Sr^RuOft 

AIM b (Srt>f h) SflriSBa, Ca^J:W± 
JStgIR (S c*5j;t/YSr&iri ©*4<tt>l»a!l 
■J*£*XXV>XfcJ:<. Bt-fh (RuW M <o— ffl 
i te&tfZ r <D'pt£< th liTl^^ilT^Tt) 

(Sr/Ru) *r*ffl'*" ; B^'*^^ ^ii^^%i^S r 
[0 0 6 3] «Mb«W«tt*Bt^«S«. -JKl-S 1 * U 

<|i5 0~5 0 0nnigSt^5^\ LXtf>#m^ 
[0 0 6 4] Tife»B£ 

[0 0 6 5] T»»Mtt, -<n^^^^ hMO^f 0 «ig 
Sr*-rSo -<p^^^7^ ft**AB0 3 -C 
^£*L6 0 wCX% A*3j:tfB«t#*BI>f^v*:*"t- 0 
#3P,3Xte> ActUXCa, Ba.Sr.Pb.K. N 
a, Li, L a*5J:tfC d ^feflltfixfc 1 «rUl 
BaSfcttSri^K, B <t LXT i . Zr. Ta 

[0 0 6 6] cpUc^p^^^ h^fr&fetci&ttS 
«^JtA/Btt. »*L<»0. 8-1. 3, i^)^ 
L<f20. 9-1. 2Xfc5o A/B^o. 8*«tXtt 



(9) %fmW~ 1 1 -2 6 2 9 6 
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«*tt<oak»»*3ftSffl«)*<*9, *fcA/B#l. 3 
trflifi k WiiBwWB^ftot I* 5. A 

6 0 AB0 3 l-*5tt^>OOjffi^^, 3Ul»Jt$n3t>0> 

■e»tti\ ^n^M htt-fl-lcj;oXtt\ K*^«5* 

i>fc£OX\ ABO x Cfct^, x(Dffi»i2. 7 — 3. 

[0 0 6 7] TJftWWtt. jE#S-Cfc<5i:*W: (0 0 
10 1) BBrnJ. i-^^^StE^ffi^^RTiwcffidS*-^ 

(100) *-ertk i-ttfet>««*B4:W^Bffi 

£fc, Ti&«^^r Si (10 0) StE&ttlM^jfcHtt 
tt, iESfi [10 0] //Si [0 1 0] */S:f±SC*ft 
[0 10] //Si [0 10] T*5ik^ff4U\ t 

[00 6 8] *ftWaH« 

30 n^ir^^o ^WWBtti. SMfc^a- £ 

[0 0 6 9] Stftv?/v= = 

b-t&t>\ ft±M7Km (Sc*5i:t;YS:t 
tf) lcj:9«sE<bS*tfcHfliS>A'= = ^A (ft*fl:^/v 

40 llftJ:t»m«fmK#B»&ix5. 

[0 0 7 0] — ^^^Jit^S^k^^-T 

Z ri _ x R x 0 2 -6 (RUS c*3J:t/YSr-&tf#±Ja 
7C*"C*9, x-0 — 0. 75. 6 = 0 — 0. 5 Tib 

OV^XIL a^-T^o RiLm Pr, Ce N Nd N 
Gd, Tb, Dy. Ho&XXfE. rfrhmiR&tlZ'Pte 
<kt> ia^*)6Ck^U\ 
[00 7 1 ] !Mb^=»=*A*aMllf±, 

50 **-r6»K(C*5V^Xtt«C*dS^^5^^^ ^t(D±(D 
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0 1) *£-gSftJ8i. tt&V&ZbZn (10 0) 

[0 0 7 2] Si (10 0) Sfitll:, t«*«(Z 
r 1 _ x R x 0 2 -5 ) :l3j:tJHF**fll (B a T i O s ) SPUR 
&lBJi£*x-C^<&£#. ctie^*Sa*{4H#^> Ba 
Ti0 3 (0 0 1) //Z r 1 _ x R x 0 2 -6 (0 0 1) //S 

1 (10 0), ^OB a T i 0 3 [1 0 0] //Z r !_ X R 
X 0 2 _S [10 0] //Si [0 10] -efcsci^ 

[0 0 7 3] YBCOte¥<0&&mfab<om&X-te. 
(0 0 1) gSfp]CDB a T i 0 3 ^ fcT* yHBtSrftJ: 

5 -twteS^ttBBISfi. B a T i O s (0 0 

1) //Z r i- x R x 0 2 -5 (0 0 1) //Si (10 0), 
^OB a T i 0 3 [ 1 1 0] //Z r 1 _ x R x 0 2 -6 [10 

0]//Si [010] ^/i!), BaTi O z <D&{&&* 
fct. Z r H R x 0 2 _SWft?-{:»LTcffirtt4 5° d 

5ft3l***ffiBB«r±«*fflJi-C* "9, B a T i 0 3 (0 30 
0 1) //Z r 1 _ x R x 0 2 -6 (0 0 1) //Si (10 
0) . fl>oB a T i 0 3 [1 0 0] //Z r i- x R x °2- 5 
[10 0] //Si [0 1 0] COB8#"C«^"5ISBX*fc^C 

[0 0 7 4] a Zr H R x 0 2 -6lX* 
12 0. 5 2-Cfc!9x BaT iO 3 IX1j:0. 4 0T'fc5 

4 5° ffirt-ClHlteLTlft-T-S^i-^B a T i O 
3 [1 1 0] //Z ri _ x R x 0 2 -6 [1 0 0] //S i [0 
10] WH«-Ctt?^7>f y h^8. 4%lwfc* 0 fc - 
^\ BaTiO 3 [100]//Zr H R x O 2 -5 [l 40 
0 0] //S i [0 10] BaTi O 3 *£f 0 CQ a ® 

tZr H R x 0 2 J8a^affii:li, [sW&&i"lC-t<0* 
£S^U Zr H R x 0 2 J3^ (0. 5 2 

X 3 = 1. 5 6 [nm] ) l-#t U BaTi 0 3 4^^- 

(0. 4X4 = 1. 60 [nm] ) ^Mt5 0 wO<>: 

fc^oT. B a T i 0 3 [1 0 0] //Z r 1 _ x R x 0 2 -5 
[10 0] //Si [0 1 0] <Dffl&&$m-i-Z>Zb[Z£ 
(0 0 1) gE[p]<7^fc 0 ^v'-WVB a T i O^^: 

mzzt&x'Zho 50 



[0 0 7 5] Z r o 2 ttKta^e>^micdMtTS:*a— 

fc Mzi$±myr,m & L fc t (D & s $fcf t ziz^T 
-Cife5o Z r 1 - x R x O 2 -6«^«Attttx05«SHir«S 
•T6 0 Jpn . J. Appl. Phys.27 (8)L1404-L1405 (198 
8) |d$8^$;ft,Tl^£<J: 5 I-n x#0. 2*»-e*>6JfifiK 

«-CWt, A*ftT?tt*)S*Ss «xtf (10 0) *-g£ft 

Itmbti-r. (Ill) ErSKOJKfidSftA+So — 
jE****:W:*«*4:tt*«*T?«. J. Appl. Phys. 58 
(6) 2407-2409 (1985) fcjfc-c fctfCV^ £ 5 i-. # 

[00 7 6] Lfc^oX, *Si&Eft(Dj&a*fcra\ Zr 
1- X R X 0 2 _6 13^x110. 2~0. 7 5T^6C^r 
^»*LV\ xOJ:D»*UV^ttffl«:0. 2-0. 5 0 

JK*5 «fc t>'Ml*»g^x tr ? * is v $ iir^-t 
[0 0 7 7] ^<t:^3=.r^tf*±*5c*tt. s 

3&0. 5 2nmi7)Z r 1 - x R x 0 2 -6fi> R35 s YX'fc^ x 
^o. 3(Dt>(DT*fc5 0 Rc^Slli^lS^Lfc^^x^^ 

£ ^A^Cife *K T»»*WBaTi03»fti^y 

[0 0 7 8] 4*5, ii^^^^vm^V^^'? 
All, {t:f^Zr0 2 X^$tL5^ %>±M7K^&%$ 

SL *^J:tWa5W-J:5»»^*^*<t:b. z ri _ x R x 

[0 0 7 9] Zri-xRxO^fil^VXx^O. 2 5fc$S 
OJt*dS9 3mol%SrjHx.6iK«SwfifiK«"C«:, -hxE U 

[00 8 0] KlRSrl»< «^5c*+(d*5lt6 Z r <DJt* 
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(mi smm) \zm^xz ro 2 «:*6» 

fttLtfflV^^ YSZ (Y^^vvV^T) £ 

*»Blfc<olBTj»nf!R«»waivM-J: 

Z r 0 2 O»*5»I^J: i i:, Zr0 2 ^ 10 

&JR 4Mg{MSig (MFMI sflttfi) *\ 
-SftWW-lftl**-^**** (MF I SflHt) K*3 
I^Tfc. a8#HTZr0 2 ^^ I Sgfcfr 

^iglc J; 6 C - V t y i/^^^nf t>iXs 

[0 0 8 1] L*L75>SoT, 20 

»<*fiK5c*^(-*5*t*Z r OJt*tt. #f*L<fi93 
moltfg, £0#*L<tt9 5mol%EU:, S?>iJ:»*L< 
f2 9 8rool%£JLb. ^t>£?£ L< (3:9 9. 5mol%£*jh-C£> 

£C*>9 9. 9 9mol%aK"Cfc-5o ^ftCO^Mff 
{tgtfP^ttZ r 0 2 tHf 0 2 £O#«ttj£Ll^-C\ Z 

6o Ufe^o-C. *Mffl»t-*5*t6Z r 0 2 ^*BKW:^ 30 

i>K H f o 2 tt*»MtcfcNt«K<b^3 = ^^*'»l« 

ictsv^-cz r o 2 <^< mm^mm-tztztb, mmt±te 
[oo82] ^ib\ ^r^sjiffi 

S i *«S*Sfi^*«*ffi#j6Jwt£» U m 
«*ffi#iE3&S»< («*ff 5nnS*KT) WtShTS 

i iMk»jB^»B-r*»'&3d s *>« 0 40 

[0 0 8 3] JifSL/cJ;?!::. *pmWmk LT_hfE Ufc 
s^as^fcj-u -^^t-*3V^TZ r o 2 K*fiffJBIU:3£ 

[0 0 8 4] #±«^b»»»fflSra\ Y, La, Ce. 
Pr, Nd, Sm. Eu, Gd, Tb, Dy, Ho, E 50 



r, Tm> Yb*3j:tfLu©*4<i:tia % C 
e, Pr, Nd, Gd, Tb, Dy, Ho^^t/ErO 

[0 0 8 5] *±S^bfe^WK^?IS$tt-cv>5* 
fcott>J:v\ «»«itK 4: 2tiE«d>&*± 

[0 0 8 6] &4b\ #±JMWb«3B»BISrlMb^3^ 

tt-Cfi (ooi) Efa^ (loo) Erni^WdS 
»J*T»S1\ (ill) IE|p10BI^*oXL* 

[0 0 8 7] »±«iMb»*»lK^jB!lDi"e#±«5c3R 
[0 0 8 8] iMb^ = ^l>A»»Bl*5J:a*±«lWfc 
±«5uiji£ K-e-ymt, Bio tf v*-/Vj^/> 

u y-*&»»j-racia*-c#6o ai*5J:t>* 

Mru Fe s Co. N i ft X<Dm&&M7tMte, iH^iC 

[oo8 9] Tw#m&£x**nnmtote&&. 

[0 0 9 0] mm<D&£h&te. XRD (XiBHWr) ir*5 
JtSRWtf-^COD RHE 

[00 9 1] T»»K*5J:t/*IBW«<Z)»»tttt. Xi» 
dISf^J:-5 (0 0 2) ffi©Rliouy^y^-^ 
tt«3&si. 5 0° aT^^t)Otfc§^i:^l 
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i:^Iffi^Rz S3ig£50 0nm) 

SrMSLfci:*, 2nraJ^TXfc£C£#W£L<. 0. 

J:WtL<(j:9 0%^ £ fcfcff* L < 14 9 5 %£A 
14. ffiftl Ocm 2 ^£tS^®t-^AcoX#?l|^^^;U 
X<£Hi£"T?fc6 0 

[0 0 9 2] p j/ap-v^*— ^4Mlt(i*5J:r/R zOT 10 

o^^V^-^^ffi*BOTPg«SI40. 4° S 
g2p:g£ 5 0 OnmX<^+,&¥#tf&$R z 0>TIS«I4 
0. 1 OnmgffiX3b6o 

[0 0 9 3] ££u RHEED^^hy-^T^o 

«ffi¥»lfe&M**vcv^ 5 c <t left 6o 
[0 0 9 4] T»»K^**f4ffl^lcj:?)***). -Ax- 
le:*?^: 1X145—5 0 Orau J: t) b < f4 5 0 — 1 5 
OnmXife*^ JISftttfeJi^Rffitt^tB/jjjpixftV^aLK 20 

5*^1$ tt* 5 0 — 5 0 OnmSJff-efcSwtdS 

[0 0 9 5] *IB*M^J?:st«»twJ:Dft*t), 

L< 14 5 — 5 0 Orau £ 9 L, < 14 1 0 — 5 0 
rare* a a*. JBflttu a®ttS:a*fc*v^S«{2:«fv^ 

»HgO/¥£l4 0. 5nm^J:X&6C ^/W* L< . £>o 30 
[0 0 9 6] gftR«ff!*Bt 

mx^^mtmmm^Mmt, s i 3s«±^**ix-c 

^3SB«fl*Wf4fc*>£/U fv^81«£llgtfcoT 
[0 0 9 7] !Wb»»«tt*BUi^*«*^53iW«* 

<^<dx\ izmfct* *wnirz> ^ t a*x# z> 0 u/c^ 0 

5:^^, S i SK±id*5V^^MXHSWJ-Si^ 

^fc^4^Mx^sl^/^l 5 ^l:Tv^6^mf*«K 

i iSfiSfiltiboTt) (0 0 1) ga|6jj£i&£ (10 
0) |E|R«ISftt^a«£BI"C»4*<, (0 0 1) gfif^cr) ji 



[0 0 9 8] ^Rm»»KI-ffii/^tt»l4^IS3eStL 

[0 0 9 9] (A) : B a T i O 

3 ; PbT i 0 3 . #±*5c*<&*"^* VHMB. PZT 

(^l/n^^^KSB) . plzt (^aywyi 

[0 10 0] (B) ^y^f^DyXS»» : SBN 
M^hnyf^^!)^) , PBN 

[0 10 1] cixe>o3ftR«(*»*»i:ov^TB?H 

[0 10 2] (A)^P^^^hl«^5^ BaT 
i 0 3 ^, P b T i O 3 ^C0^^d^^^^ MMMfcft 
^fct, -«^b**AB0 3 -e«$ixS. wCX, A*5 
£tfB14&<*R§-f ThV^^ A*4Ca, Ba, Sr. 
Pb. K. Na, Li, L a&JztfC dJ&>fc»»lfcl 
m&±X%>Z>ZLki>m& b<, BliTi, Zr. Ta*5 

v\ 

[0 10 3] ^5 L^p^*>f hffl^ftl^itS 
JtapA/BJ4. #£L<{40. 8-1. 3tfc*), <t t> 
#£L<f40. 9—1. 2T'$)6o 

[0 104] A/B ^w^J: 5 ^©ffllc-T 5 ^ £ J: o 

RfB;»ttSrafclSi"SCi:dS-C#*o -HWl, A/B 

^o. 8^Tr4»*tt<o»»a*dsa8e)*<49. * 

[0105] *MW«"Cf4. P b T i 0 3 ^ ifO 

<t 9lwABO x ld^*t5O0r)lt^x^-<-C 3 t tt^ 
^UX*)635S, xf4 3lwPK^*nStOXf4^V\ 

BO x K*5V>X, xOffit4, 2. 7-3. 31S 

Xfc^o 4*3, A/BJ4, S*Xi»TO^W5l 

[0 10 6] WK#^AB0 3 l^D^*>f 
h^fe^UXf4. A 1+ B 5+ 0 3 , A 2+ B 4+ 0 3 , A 3+ B 
3 + 0 3 . A x B0 3 , A (B r o.67 B " 0.33) °3^ A 

(B 7 0 .33 B>r 0.67) °3^ A < B 3+ 0. 5 B 5+ 0. 5> 
A (B 2+ o. 5 B 6+ o. 5 ) 0 3 . A (B 1+ 0 . 5 B 7+ a5 ) 0 3 , 
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A** (b2+ 0 . 5 B 4+ 0 . 5 ) A (Bl + 0! 25B 5+ 0 .75) 

O3. A (B 3 V 5 B 4+ 0 . 5 ) 0 2 . 75 . A (B 2+ 0 . 5 B 5+ 

0.5) Q2.75^^v^tt-e&oXt>J:v\ 

[0 10 7] IftWl^fl PZT. PLZT?(DPbl 
^p^^ Mb-S^x C a T i O3. B a T i O3. P 
b T i O3. KTa0 3 . B i F e O3. N a T a O3. S 
r T i O3. CdTiOj, KNb0 3 . LiNb0 3 . L 
iTa0 3 . &£XfZtlt><nmifc<*l$X-&>Z>o 
[0108] 4*5. _L|5P Z Til. PbZr O3- P b 
Ti0 3 *O|8#-e*)5. £/c. ±EPLZm P 
ZTCL a#£ H— :/SftfcflS*1frT?*>!K AB0 3 Oi 
IStCttxtf, #J;ttf (P b o.89^0. 91 L a 0.11^0. 09> 

[0109] £fc. JH^n:/**^ Mb-&»«>5 *>b 

I *JMftft**». — «H-* B i 2 A m _ 1 B m 0 3m+ 3"C 

fl. Bi. Ca. Sr. Ba. P b *3 <fc tfcfc±S7C^f 
(S c*5J:t/Y«rg?tri ^V^tt^-efcO. Btt, T 
i. Ta*5«fct/Nb^V^tLd^"C*>6o B 
i 4 Ti 3 0 12 x SrBi 2 Ta 2 Og. SrBi 2 Nb 2 Og 

[0 1 10] *a5fB^fflV^SCfci&Sjf^L,v^n^* 

hSMfc-&«K #Jx.tf B a T i O3. S r T i 
O3. PLZT. PZT. CaTi0 3 . P b T i 0 3 . 

Sft^Lm R (Rfl, Prs Nd. Eu, Tb, D 
y. Ho, Yb, Y. Sm. Gd. E r $5£X$L a 
^tR£Hfc'>4< fcfc l«o*±IS5clR) . Pb. Ti 

H. PLZT. PZT. PbTi0 3 , f±f7citt 

^^^BMBdsj:D»*bv\ ^KPZTfl. 

P z T**<oKWttS:fiJffl"C# So 
[0 111] t±i^ttf^ VK#S £ LTte. J^T- 

(Pb+R) /T i =0. 8 — 1. 3. 
Pb/ (Pb + R) =0. 5 — 0. 99 

(Pb+R) /T i =0. 9 — 1. 2. 
Pb/ (Pb + R) =0. 7 — 0. 97 

fifiR05*±«5c**#^^^»»tt. AMPM - 18 6 
6 2 5-g-K:|JB*S*fCV^o *±jS5cS5*r±iait*TP 
bT i 0 3 lc«4p-*-SCfcl2:J:D. Ec£{g;T$i*6c 



(13) Wll-2 6 2 96 
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[0 112] RH, PbT i0 3 ttt«$tl6S*^ 

PbTio 3 n jE^rAS^p^^y 

6«EE (Ec) SrfiTS^wt^Sc — R« 
^^*±3S5c*. fl»Jxtf, C e -efct. P b T i O3OB 

20 [0 113] *±JS7c*«*-^^^iM&JJ:*3V^"C. (P 

b+R) /t i 3os,h*-r^et3iestto*sa!i*d5a«) 

fc<*!K (Pb+R) /Ti^#t?5i:Wj:» 
R^W s ffl8l:ioXl*5 0 Sfc, (Pb+R) / 
T i fcilBttffl^SC^Ui.J: Aft'dRttttttftsfl. 
bK§ 0 Pb/ (Pb+R) ^/h£i-<r«2:. 
sftS/h*< 4oTU5 ^iRH^lOSWfrfc 1 0 0 0^1^: 

*§<ftoTL*9. Pb/ (Pb+R) 

M^^^^^o Pb/ (Pb+R) £_hl5f&IS£: 
M«if6 ^ <!: Hi:oT^l^lT^ 60 Pb. T i ;fc> 

[0 114] ^^^SMBtt, — j&ICP b : T i : 0 = 
1:1: SX'tbZAK *«?B*t?»jRJPi-S R<D««*3 J: 

2. 7 — 3. 3SSX-fc6 0 

[0 115] 4*5. *±*7cl|l^#^^^StfB-C«:, T 
i ^6 0m^%£XT&Z r . Nb. Ta. H f &£X$C 
40 e(D'J?tj:< tt> l«T-ffi&£*XTl^Tt> J:VV 

[0116] (b) ^y^T^pyXfW^it 

11. ^m^W^f^COLandoit-Borenstein. Vol. 16|BSc 

11. (Ba, Sr) Nb 2 O e . (Ba, Pb) Nb 
2 O e . PbNb 2 O e . PbTa 2 O e . B a T a 2 O e . P 
bNb 4 O u . PbNb 2 O e . SrNb 2 O e . BaNb 2 

o e ^ztib<Dmmmm&i,<. sbn 

[ (Ba, Sr) NbgOg] ^PBN [ (Ba, Pb) 
Nb 2 O e ] j5S»*LV\ 

50 [0117] ftmmmmmkmmjj 
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hgi*mxte (ooi) Eft^t"* 

yXS^tii (ooi) Ei6j^3:tr^^->-r^Bti:i" 

[0 1181 -<n^^^7^ H5!ttft^e>«fifcS^63SR 10 
mfle»Kfi, Si (10 0) SffiSrtt6SS±l-, till 

6 0 tt*5, S ifift**t*6- B ttBtttttMKft* (oo 
l) Erftt?fcS»&. 3ftR«* [1 0 0] //s i 
[o i o] x&5 0 i-fcfrt>. 3MMWMMIIi:s iXK 

[oils] jry^^^pyx»mi»6i*Sh 
6M»t«*»BI*r*rilt"6IBI-t>, Si (10 0) ^® 20 

S i3g«i:0»*UV^*»*ttH«f4. 9ft 
Rl# [10 0] //Si [0 10] t*5 B 

[0120] mmmmm\zm\t*bti&m*mwttft 

[0 12 1] T»T?fc6»ft»»ttt 
Kap/a s ^l. 04 

Tfc5w^^U\ a F /a s ^iaTT^Sts JE 

Jfc* £r*»i- acta* Bit* fc* 0 
[0122] Stft«5#«ttSWR<oafi6* S r R u 0 3 £ 40 

3 9 6 6nmt*6 0 a F £>#* Ll^ttHte, 

0. 3 9 6 6nm< a 0. 4 1 2 4 nm 

^5Ci:#ff4U\ PZTte. PbTi0 3 tPbZ 
r 0 3 <b OHSffT-fc 0 x 3fiRB##K^£B#<DiaffiK 

■^SfcfcfcO. 3 9 6 8nra, PbZr0 3 ^3l»l4 
0. 4 1 6 9nni-Cfc£o Lfci& s oX, PZT^apIt 
Z r tT i £<7)JfciaSDX0. 3 9 6 8nra^f)0. 4 1 50 



6 9nm*-e<^M-eac{ki"6ct«c<c^ 0 ±iaufca F / 
a s ^#*u^«sH*»J6-rapzT©afijitt, pzt 

SrPb (Zr H Ti x ) 0 3 ^« Ufc i: 
0. 2 3£x£ 1 . 00 

x=lC0<!r#fi. PbTi0 3 t'fc5 0 
[0 12 3] 4*5^ Pb (Z r H T i x ) 0 3 lwiol^X 

■K $MM»tt<l 1 l>^[^C6o L**U 

fctelE;* & t * D . Si ))MM^SBl£Sa&$MiNi 

PZTxt'^^t /witt, fls i o fc^S 

[0 1 2 4] JifBltt93T?fi. SrRu0 3 tPZTt(D 
»^fe^S:WJC*lf ^^s. #Jj£L/c «fc 5 S r R u 
0 3 <£>S r h#£tf/£fcHR utNf hco— 

C ia 9 C a*X# 6<£>X% 

[0 12 5] f&mm(D^**7 4 y h &mm 

tt^«£*»;tS (0 0 1) *-Efoj 

Oxif^^v/t/HtfeoT, ^««dSS i 
iEffiicSiE*&R«#*Bi&#6 c t a*x£ £ o 
[0126] ^Km^^Jf:^^, 3 0 0nmUrFX& 
5C^^L<, KL<|j:15 0nm£*T> J:f?ff* 
b<fil0 0nmJ^T\ Sbl£ff*L<f*7 5nm«T* * 
tfiF*b<li5 0nm«T"e*)-5o ^ffil^*5V^Xtf n^Sft 

^*3tc:*5v^xJE^^g^&^^cxv^sc t^s»^ li\ ceo 

LTlitSfc^, mZn&i&X'h 2nm (5»^) . 

[0 12 7] 3»««<MIB!*tB«r±fBi:W«^AFMK 
J: 5 j»J* Ufc t # . S2pf$ 5 00 0nmWRzll *f 
£L<I2 1 OnmaT. <t0»^b<tt5nm^TX > fc^ o 



(15) 
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Ii8 0%y±, J:8»*L<tt9 0%a±, se>fc:#* 
L<|195 %« -hOfcWgc-ClSS, ^ -6 r. <t b 
l\ ±E«fl5fiS«:* ®SS 1 Ocm 2 tf>Sffi£ffil- ^fco 

■CfcSt, try hffi«l*/hS< LTfcKftas^TtelwfcS 
[0 12 8] g^T*^ * 

mi s«»© w«t^ * y ft ^©t* 
s>*\ oe i cft^tdfcaJB-rsci#-e#. S&fc* 20 

L S I ftif^taffl-*-6w4:*-e#S 0 SME*>¥ 
WfWR^IwMffl LT, SOlf^^ L S I oldSft 

[0 12 9] ewitft 

^SBW^fltBifif*^ AFM^STM (*2Sh^/V 
Kftft) ft^^n-^J;!9«**ia»-t-6E»«t# 

3ft««fft-ia»*:fi t 5*&W:. Appl. Phys. Le 30 

tt. 68, 2358 (1996)tdfe*fc£;ftTl^ 0 IBftl-ISUT 

mft^j5 s *JfflSH6o iB««^M 

lg5fc^tt»«*I«36S3B^**fc»flEW»*!ft s *ft*, - 

[0130] ft *5. rco«t pftiEfts^jfe^a^sn 



[0 13 1] AFM^STMlt JR^ U"</l/*>#«HB*r 
SM«fftt»«ElKa** s l 0 OnsKT 

[0132] mttomn&mm<oj&&*& 

[oi3 3] m 7 ^-tmmmw 1 «\ s^^p^ 

rt-enHES-frsr. -h^x^^ct 9icftoxv^o -LIB* 

[0134] 1 «U »flstt#*tt#3£lfi 7 frffi 

P8f^, ±is^/v^3(0HCT^i-iae^nTv^^ o c 

ft-5 0 *y^3©Se>l:T*W Sr»T'fc^ 
13K#«S9. Ru««ffl*x?fc5!B2«3B«Bl 0dSBE«* 

[0 13 5] *i\ ±1E*^^tcStRSr-fe y h^6 0 S 
SHIS, ^3a^ s S i (10 0) ®Xfe5^co s #£L< 

ic N stria Ttfe^ffift^^^u^t^* 

[0 13 6] r:o»3&*jsfe-c«. «UfftK^**«tt» 
I^^lSSSs ^J^rf 1 0cm 2 J^_L^®S^:l%oSffi 

a(0±Pfi»«p(-ftV^S, att"C»4 0 0cni 2 ggT^ 
-6c m^¥#f* : ^ CI "fe^«2 — 8-f yf(OS i 

[oi3 7] s«ftXffi*-caojRu SrJSit; 
Rui: »^14^f^ ^ «r£te*ffil-flW&-*-S - ^ <t t) , 

[0 13 8] jDSRiafttts 800-110 ot:, ff^b 

<|i8 5 0-1 0 5 0t, #lw9 OO-lOOOttt 
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[0139] JiEBMfctt^^ t LXfl mm. ir/^. 

EAT, LTi*#^trffl^8»*fc 

[0 14 0] *i\ 3tffl2K>'7 p T?«R»l-*S1frt*:# 

S«jfi«^*5Jt6»**^»JE»i. 10" 3 -1 O^Torr 
aJKTfc<&C&as#*Li\, »iK;tf;*#JEO_h&B& 1 0 

5 c J: r^t*JlfflWrtW:ll6Rttl-*«*n 
Ti^£<0T% JC£«tf)l3;£^£tf>ffl#f*i 0~ 4 -l 0" 6 

TorrS£tf)ffiV>JE*fc:fcoT^<5. »3R#*tf>{MSg: 
tt, ^Kli2-5 0cc/^ £!9#£L<te5-2 

[0 14 1] l^t-Aft'WLXll 
S*. SKI-WIM-*. fifeHSffiKW:, $?^L<Ji0. 0 
5-1. OOnra/s. iD^KIiO. 100-0. 5 

[0 14 2] SROSfe JixfcLfcJ: r/Ru 
-0. 9 4#5£0»J58Jw*3V^T. 1- 
^tb/c^coir^^o LlSlfiJ«ttl8^SRO?*K&» 

^F-lt^E( Sr/Ru ) £«Uh£#, #£L<tt 
E(Sr/Ru) = 0- 7 5-0. 9 5 
k U £9#£L<l:i 
E(Sr/Ru) = 0. 7 5-0. 9 3 

E(Sr/Ru) = 0- 8 0-0. 9 0 

k-tZo m8\^ *#W#e><D«J&;iJ:6, E(Sr/Ru) 
k, ^(DkZMf&Zti&SROmfl&tpVS r kRuk<D 

m*frF( Sr/Ku )k<Dffim&7sk-r 0 E(sr/R U ) 

^0. 7 5-0. 9 5<^(5H^*5t^X, E( Sr/Ru )0D^ 
IfclC^LF ( Sr / Ru )W«flFtt36 s *<*b*tftV^r fcjftSfo 
-CO^r^^F (Sr/Ru)^°- 9 4 "Cfc 5 , _L&i 

SROiRt45, -*-ttte*>, SROte, StLT»t 

11, ig*JfcRu, RuO r *>SVMi*S*«5g»w»*.5i 
^^^Ru, RuO/Sfi^iTSl^L, ^g_h 



(16) ^Wl 1 - 2 6 2 9 6 
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irfcfc*. fcfcU E( Sr/Ru )**#i-«r*4:. 

R u «r+#l£{Jtt&i-* £ £ ^ffilt £ ft V) % m<P<D S r / 

E (Sr/Ru) 35 * 7 ^*"*"^* 4 ^ R^Sr/Ru^Jt 

10 [0 1 4 3] KJiKWUhiSI-* Sr^it/Ru^I 
19. R u Ol^J£(D4V ^ S R Ogi ^S«±i- S £1^ 
©JRWtS r/RufitiftO. 94Xfc!), CL(D*Rfi£tti£ 

■era. ft+is^^mttmmmmbtiZo 

SROiW#bil5^ftXfc6 0 
[0144] MISI^ 1 0cm 2 SKK±T*)Sf^, 

SSomteftfll 0rpmJeJL_bT**>5w^^M^LV\ 0 
«^IB«©J:l»l*WK:ttv^ ii«f3K£3£B*>«l« 

JLl 2 Orpra^Sir/cC^o 
[0145] J£JLL, »{b»*«tt»Bt<OlHifi^«fe^»«B 
30 fc»BLfc#, C<D»Jg*&li, «*<0JtS*#ifc % * 

Xt^, 

[0 14 6] £<bt^ C^SMV^XMBEgl^i 

[0147] mmm^mm^m 

[oi4 8] t»swu *mmfm&£Tf&mmfcmm<D 
jfrfAxm-zmzmmzti-r. s i s«±i-cn^^m- 

tfj^a*. »*L<»i3R*fe. W7-2 19 

8 5 0*, #H¥ 7-240607*. KH?8 - 1 8 

6 6 2 5&m\m^£tix\,^zmmm&m^z>^kt>w 

* uv\ 

[0 14 9] ag^ffiteg 

50 S i #*£&£«£JBv^»^ *Pfl*Bt<o^fi8iitrtcSfi 
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[oi5o] &&mffi<nmm*m\zt6rtzmmmmte, 

(3&^lttft*#ft*S*tl) (^&^£iB®rL*: 

\^®*z>m&h. i%*<nm&&x.&±c, mmmm* 10 

ma. n b^^^W^tiig^Ct^ 

[0151] s i m&±izmk%>mm&^¥**^-rji<> 
itmnm^fcx. z> &p\ &Mtc $ ft ttn«* e> ft i \ / 

* ^^^jg^^OSfr Lfc £ ft fcft SjK^R^J«igtt 20 

1 x l *igfttf>-e, KftttSfiRSr^tr^^^-Y/Ufifcft* 

[0 15 2] L^U »M§nfcSi (10 0) OS 
ffill. «3zB-#-£J:pfc:. 1 x 2 ifcfcli 2 x i ffimt ft 

Si (111) <0*ffifi, 7 X 7 £fcte 2X8 «jg 
^#ft»tflr^ yv/a«rto1taiftje«it^ftoXU^ 
5fc*C>. IX ftv\ 

[0153] ^fc, cft£(omfrfl:£*Lfcs i mmn. 
tsiaa (700^) x?te, K^o^ie^x. t 

[0154] z<D£yte^kfab. simm&mm^ 

[0 15 5] :^^Stlt *i\ *H*s»»fcS*Lfc 
S i *ieSS«€r, HI 7 (c^-r^/v^lcir 5, f> 

SSlcs i »tti*MtSo K^tt^^i-fi, -hie 

v\ S ilfefltfMltt. S«S®^SgE^iJ, fSftft^fe 

0. 2-1 0n«Sff^i-Sri:dSjff*uV\ *$^o. 

|5g£r 1 0nm£ Lfc3®*li, «t6 0 
[0 1 5 6] ±ia*Pj»f±. 3 0 0-7 0 0lCOfiR^ 

0-10»B8«««fttfT5, If-i&ilg 

3o-7ot/^as«bt^ mm*m-r€itv* 50 
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S i BMt»Jiasff< ft01-#*TL£5. 
[0 15 7] Kflstttf^OWAtt, «*tflMlstt^^fc 
L-C***r«v**»a\ S^Brt^^lx l 0" 7 -l 
X l 0 -4 Torr*Iffi<£>K£l;iU O^AIC J: «9 , 

^ft< <t fcSEifi*S^#lffl»*o»3K#Ea s 1 x 1 O" 4 
-1X1 0 _1 Torr^ft6J:5lwLTtT5Ci:^»*L 

[0 15 8] _t1B:Cg«. SS*X**DS»-rSo St£S® 

s ijgr s «s i mk%>%\^& t)^a$tiTv>6^T\ 

ft£©«fttf»£LftV\ ^PMS«^ 6 0 0-120 

or, 00-110 ot^tse^^u^ 
6 0 0t*«tfc5^ Si*MMMi:ixi« 
5gds#P>tuftv\ noot^a^i:, Siitti 
i^ss ije«o(*»ds+»"ettft<fti3. s inu&ffi 

[0 15 9]ftV^ Zrib^«W^^ Zr, 

^±Mtc^ (S c*s«fct*Y*rgttri *5J:t/^ktt*^ 

m, t/dtzr, tt±m7cm&£xfMm\^± 9, 1x1 

[ 0 1 6 0 ] So^f^te, RHEEDH«t6«(D/^- 
1 xi^ffiiM^ l^SAM^ffil^ [110] 

-csi9 (a) i^n^nOTci^^^hy 
-^✓^-^tft t). At*;^ft& [1-10] iaxt 

te, fcirxfif (10 0) m<om&l x 2^/cti2 x it* 
1x2^2x1 ^MatXV^S^lMi:* 
60 C^J: 5ft*§^t-te, RHEED^-yfi, m 
^^)A^[6| [110] [1-10] (OV^-ftt 

*fcWtpf*T. EI 9 (b) ic^-TJ: 5ft H&^»iC 
1 ^ 2fgj^S!C 2 ^^o/^-y(c^6 0 lxi^S 

A#t*[fil*S [110] *5«fctT [1-10] ©R*"C, 2 

««»!c 2^ae>ixftv>o 

[0161] ft4b\ Si (100) ?S^S®t 1X1S 

ss^-rw^^fcOs t>tit>ti<onwix~i>ftmti*mm£ 

fife* L^L, ixi^t*ttli^«tfct), $S 
i^^miii: < 1 x 1 & s i ?S^®x:#6 C k tt. S«T 
«^FprtgX?fc5o 1X2, 2X1. ixi^fti(DM 
^XfcoXt, S i KiB-C^JfeS 

xs i c«^nx, sfisasojiSA^ffl.ix^-rv^ 

[0 16 2] Zr, *fcttZ r*5J:t5*±j|g7C3lltt. - 
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3 — 7nnriilS£:&6 £ 

^{fcjj&S^O. 3nm*iBX-tt:, S i ttfbtt<&»7C<&3S* 

/i/©0flfii*»*U 4 t , "*"<*9* affi^JBAogBW^DOiOi 
\z& 9 1 x l«itT*< ttSCfciSfcft. ±IES i &*b 
Wi^/?:£<D±»cr>#£ 1 0nmtL^3S*W:. 

10nm£jg;t<5^ JilB<OJ: 5 UTtS i 

e>x&5o 

[oi63] mw&tf* t isxmm&m^z>m&i*. 2 

tf)&3ffc*&Stt> Jt£«<D#». *^^#40tK, * 

#>X*5<„ 

[0164] %mgm£>M& 

i-CI^WIM* 7-9 3 0 2 4 *^*3l>T«je LfclfrSjX* 
*«-feCfc3ftS»*UV\ 20 
[0 16 5] SUK^fiK^fcfeo-Ctt. *1\ 

&&fc<Vtclt>\Z4 0 0^JhXfc<5:i k&m& L< , 7 

fi, 13 0 OtMT^So 
[0 16 6]*V>t, Zr^t-^T'»U1 

0. 0 5 — 1. OOnm/s, J; 9 L < 0 . 100- 

o. 5oonin/s^« 0 &mmm&m-fg2>k&m&m 

[0 16 7] 4*5, tW^^SS, *<D«|&*. S 

tt. ±BLfclMb»*«tt»«Wj«o»&tra*-e*> 

5. 40 

[oi6 8] mit^='^^^mm<D±\zm±mmit 

SrflH\fttf.fct\ ccoirt^^btt^^^WA^fr^S 
ffl-*- 5 tt^bv 5 ^^ — ^^»aWK^»fSo/¥S 
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[0 16 9] Tife^BI 

[0 17 0] *mttKriWtt. lw»*3J:t«Mbtt^^o- 
#A*r*t4dSfe, B a $5£X$T i «:S8ftEB5K:4ltK-*- 
6 Q B a : T i = 1 : 1 kt£Z>&b ULi"-6£ 

(DBa/Ti tWe*JtW\ B a T i O ^^SEftttUlf* 
S^&tf-To B a T i 0 3 «. *PeB»JB£ (Z r!_ x R x O 
2 -5) *5J:tfs i (100) XC^A»ttHff^ % m 
J£Lfc»* U^BMR, -Tft^^>. B a T i O3 (0 0 
1) //Z r 1 _ x R x 0 2 -6 (0 0 1) //S i (10 0), 
^oBaTi0 3 [10 0] //Zr H R x 0 2 J [10 

0] //s i [010] £ft£J;5t-i-5fc#>lwfcfc. Ba 

T i 0 3fifctt«F(CibMt**Pilftiaffr4 8 0 0-1 3 0 0 

^L<li9 00-1 2 0 0WS^U\ 
J&&*nm<D Ba/Ti 1 - 0 . U < tt 

l-o. 8^tSwi:^u\ t^*>> ritftfcBBI 
ld«T i iB3Rlt-i-5r ^j5S«F* UV\ ftfc\ Ba/Ti 

mmmk<om-enK&m*±c. sBittwttL^ 

i ttS3^jt«J-C«:3&*ofc V>*tZ>k, M&tStiZ B a T i O 
3 m&3$)k~fZ> (0 0 1) ififtXf:tft< (110) gfi 

fPlKftSdV £fcf* (001) gEftB a T i 

(110) g£^A^^uxb*5o fiKfi«3»l«-tt. 
MStifcB a dsr»^BWb^3 = ^A*»I«4:JRJS 
LX. BWoBBFRlSr^ri-SB a T i 0 3 ^#e>tt^< 
l\ fi&BMOJHKiT i «*Ji:-*-<5<z>tt. B a ^IMbv^^ 

^£A^<OMJS£&tt67t&X2b6 0 ft*. CCXl^5 

[0171] T«&»M»fifc«F^fiKI«3£S. SMbtt*^<7? 

[0 17 2] ^BBSHK^T«6»B!^JilB»fifc*ftW:. _b 
ELfcift{b»»«tt»«©»^i:R]«tc x 

[0173] tiffifmmm 
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&mmfttt&£ ur p z t tfflv*«*i:ov^rat 

[0 17 4] C<0*rt*tt«:lll6r6«-fcfco-Ct>. H 
7 ic^ Lfc J: 5 1 ^fflv^c 4: Lv\ 

PbTi0 3 l:ZrMDU:Wt^5P 

60 

[0 17 5] JB13R*«B9*: 10 

PbOaWBttfcU »2D8»»1 OSrT i O^S»«4: 
U «3 3K«ffl lftZrjlH8«ilfclW>«:, SMfc* 

[0 17 6] ftjRJSJS^UWt* (PbO) «rJ8V*S 

60 TiOjOtbOUlTiftfflV*^ TitePb 
0<fc!9 tSMbSn^-rv^fe. PbOliT i t^ftt*** 20 
fcftTPb £ftD> iWffl^LTLf 
<ftl\ 

[0 17 7] ft*5. T i O x Iw*5Jt6xtt. #*L<f2 

i^x<i. 9. J:?)»*u<lii^x<i. 8. 
id»^L<fil. 5 ^ x ^ 1 . 7 5,ftl:»*L<» 
1. 6 6£x£l. 7 5tfc^o COip^T i O x (i 

t), Sfc* R*U*:3IK*aK*#6>ixftv^fc«). 
[0 17 8] *i\ h"r^>o £ 

s i '>ft< t^mimmm^ 

[0 17 9] StESrXS^-rtWllRU. PbO, T 

[0180] JPl&MSte. 5 0 0-70 OX:, 5 5 
0-6 5 0ti:t5C^^U\ 5 0 0t*it?*) 40 
St. *»tt©!«v^itm#«li*#bWs:<v\ 7 0 

[0181] -tlSIMbtttf* 4: LTte. mm. t/y, 

[0 18 2] ECRKiSI-J:5 7^yl/S 

[0183] ||ffi#^^-C«*t»lJ:*ffl*rt Lft 50 
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M*#JEK« 1 0 " 3 - 1 0 "^orraartffc 5 r fc 

Lt\ »»»BE<0±BM:1 O^TorrfcUfcOtt, K£*f 

rtlcfc6*»»cjioAIRS:*<k***wi:ft<. d>o^ 

#tel 0" 4 -l 0" 6 Torr^ffi(Oig:VNjE^(w^orv^o 
S^^^<^«t«, #£L<tt2 — 5 0cc/$K Jt 
9#&L<te5— 2 5cc/#-e*>5p Kfbti^coSS 

mm\^£*)tki£Z(DX\ *>e>d^*iiiaft«*&*sr*«) 

T*5<. 

[0 18 4] #MHUU±. I^t-A?X«LXI^ 
3£tEic«*&i--6 0 fiKB!S£«tt. »*b<tt0. 0 

5 — 1. OOnra/s, J; L< fiO. 100 — 0. 5 
0 Oinn/sTNfe*. fc*IBlUt«r— * 

[0 18 5] T i O x *3«fctfZ r tt, ttl&Ut 

^»E±ic:fi8ft-rspzTft*ic:BiD5&*ttS^-e. B 
*&i"tttfJ:v\ U**U PbO«»RSCJE^ii5v><?5T*a* 

iKfct^fejh/CV^V^ £*>»jfeSfJfcT?W\ - (DP b 0<D 

4mta!K:*iJB u pbojR*K**6wa£tR^^fwe» 

JfcSr, «^Sn*PZTI^aJwfcJtSJt*t2:S*biaW 

bir (Ti+Zr) ^O^ftPb/ (Ti+Zr) £ 
E [Pb /( Ti+Zr )] t U -t^4:#»fifcSixS»R«*SHK 
4"^Pb4r (Ti+Zr) t (Om^tt P b / (Ti+Z 
r) ^rF [pb/ (Ti+Zr) ]^ Ctt^OBB^^ 5 . 
E [Pb/(Ti+Zr)]/ F [Pb/(Ti+Zr)] =1 - 5 ^ 3 - 5 ^ 

E [Pb/(Ti+Zr)]/ F [Pb/(Ti+Zr)] =1 * 7 ^ 2 ' 5 ^ 

E [Pb/ (Ti+Zr) ]/ p [Pb/ (Ti+Zr) 1 • 9 ^ 2 ' 3 

£ft5t>Go-e&6o igpjftp b ofc6v>fi-<D^^^7-< 
h««fcia*a*nftv> p b of4*«*BT?s*» 

6 C t ^ft 5 0 E [Pb/ (Ti+Zr) ] / F [Pb/ (Ti+Zr) ] s 

-tgzt, p b £+#t-«*&i-6 - 1 tmm t ft 
9 n jgc+j^Pb/ (Ti+zr) <75it*35S{s< ft 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 1 
[Claim 1] The membrane structure object whose ten-point average of roughness height Rz with a criteria 
length of 5000nm it is the membrane structure object which has the substrate which has Si (100) side on 
a front face, and the oxide conductivity thin film formed on this substrate, the aforementioned oxide 
conductivity thin film is an epitaxial film which makes ruthenium acid strontium a principal component, 
and at least 80% of the front face of the aforementioned oxide conductivity thin film is lOnm or less. 
[Claim 2] The membrane structure object of the claim 1 which is F(Sr/Ru) =0.91-0.97 when the 
aforementioned oxide conductivity thin film contains Sr, Ru, and O and sets atomic-ratio Sr/Ru in a film 
to F (Sr/Ru). 

[Claim 3] It is the membrane structure object of the claims 1 or 2 which it has a ground thin film 
between a substrate and an oxide conductivity thin film, and this ground thin film has the perovskite 
crystal structure, are single (001) orientation when it is a tetragonal phase, and are single (100) 
orientation when it is a cubic. 

[Claim 4] The membrane structure object of a claim 3 with which the aforementioned ground thin film 
makes a barium titanate a principal component. 

[Claim 5] It is one membrane structure object of the claims 1-4 which it has a middle thin film between 
a substrate and an oxide conductivity thin film, and this middle thin film makes a principal component 
the zirconium oxide by which this zirconium-oxide system thin film was stabilized by a zirconium oxide 
or rare earth elements (Sc and Y are included) including the zirconium-oxide system thin film, are single 
(001) orientation when it is a tetragonal phase or monoclinic system, and are single (100) orientation 
when it is a cubic. 

[Claim 6] One membrane structure object of the claims 1-5 which have a ferroelectric thin film on an 
oxide conductivity thin film. 

[Claim 7] The membrane structure object of a claim 6 with which the aforementioned ferroelectric thin 
film consists of zircon lead titanates. 

[Claim 8] The electron device which has one membrane structure object of the claims 1-7. 
[Claim 9] The record medium which has one membrane structure object of the claims 1-7. 
[Claim 10] The manufacture method of the oxide conductivity thin film set to E(Sr/Ru) =0.75-0.95 when 
atomic-ratio Sr/Ru of the element which it is the method of forming on a substrate the oxide 
conductivity thin film which consists of an oxide which contains Sr and Ru at least by plural vacuum 
depositions, and it faces performing vacuum evaporationo, introducing a oxidizing gas in a vacuum tub 
at least using Sr metal and Ru metal as an evaporation source, and is supplied from an evaporation 
source is set to E (Sr/Ru). 

[Claim 1 1] The manufacture method of the oxide conductivity thin film of the claim 10 which makes 
temperature of a substrate 800-1 100 degrees C, and performs vacuum evaporationo. 
[Claim 12] The manufacture method of the oxide conductivity thin film of the claims 10 or 1 1 applied to 
manufacture of one membrane structure object of the claims 1-7. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the membrane structure object 
containing an oxide conductivity thin film, the electron device equipped with this membrane structure 
object, the record medium using this membrane structure object, and the method of manufacturing an 
oxide conductivity thin film by plural vacuum depositions. The aforementioned membrane structure 
object is applied to the record medium which is made to carry out polarization reversal of the 
ferroelectric with various electron devices, such as non- volatile memory which built the ferroelectric 
into the semiconductor device, an infrared sensor, an optical modulator, an optical switch, and OEIC 
(opto-electronic integrated circuit : opto-electronic integrated circuits), or an AFM (atomic force 
microscope) probe, and records information. 
[0002] 

[Description of the Prior Art] The electron device which formed the superconductivity film, the 
dielectric film, the ferroelectric film, etc. on Si substrate which is a semiconducting-crystal substrate, 
and was integrated is devised. By combining a semiconductor, a superconductor, a dielectric, and a 
ferroelectric, in the combination of a semiconductor and a superconductor, SQUID, a Josephson device, 
a superconductivity transistor, an electromagnetic wave sensor, the superconductivity wiring LSI, etc. 
are mentioned, and a nonvolatile memory, an infrared sensor, an optical modulator and an optical 
switch, OEIC, etc. are made as an experiment with the combination of a semiconductor and a dielectric 
in the combination of the dielectric separation LSI, semiconductor, and ferroelectric by still higher LSI 
of a degree of integration, and SOI technology 

[0003] In these electron devices, in order to secure the optimal device property and its repeatability, it is 
required to use a single crystal as superconductor material, dielectric materials, and a ferroelectric 
material. In the polycrystalline substance, it is difficult to obtain a good device property because of the 
disturbance of the physical quantity by the grain boundary. This is the same also about a thin film 
material, and an epitaxial film near the most perfect possible single crystal is desired. 
[0004] Therefore, examination of an epitaxial film is made for the purpose of the application mentioned 
above in recent years. For example, the ferroelectric epitaxial film formed on the MgO substrate is 
indicated by J.A.P.76(12), and 15 and 7833 (1994). 

[0005] However, although it is necessary to enable integration with a semiconductor and a ferroelectric 
in order to apply to an actual device, it is very difficult to incorporate a MgO substrate into Si device. 
However, it is also very difficult to form a crystalline good BaTi03 (001) single orientation film on Si 
(100) substrate to form a single orientation ferroelectric thin film on Si single crystal substrate. On the 
other hand, this invention persons have proposed the method of forming the epitaxial thin film of a 
ferroelectric easily on Si single crystal substrate in Japanese Patent Application No. No. 217884 [ eight 
to ] etc. 

[0006] However, the property of the ferroelectric thin film formed on Si substrate is usually more 
greatly [ than the property computed from the property of ferroelectric original ] inferior. The property 
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of a ferroelectric, for example, a dielectric constant, Curie temperature, anti-electric field, and a 
remanence change with the stress which a ferroelectric has. And control of stress is important in order to 
form the ferroelectric thin film which has the property which was excellent in the thin-film-ized 
ferroelectric since it was easy to generate stress with membrane formation. About especially property 
degradation of the ferroelectric thin-film-ized on Si substrate, the influence of stress is large. 
[0007] for example, above-mentioned J.A. - P.76 (12), 15 and 7833 (1994), and A.P. - although it is in 
L.59 (20), and 1 1 and 2524 (1991) about the case where not Si single crystal substrate but a MgO single 
crystal substrate is used, it is pointed out that the two-dimensional stress in a film surface does influence 
in a ferroelectric property strongly The main causes of stress generating are the differences, for example, 
a coefficient-of-thermal-expansion difference, a lattice constant difference, etc., of the physical 
properties of a substrate and a ferroelectric etc. which are a ground. For this reason, if the stress 
mentioned above is not controlled in order to apply a ferroelectric thin film to a device, a desirable 
ferroelectricity cannot be acquired stably. 

[0008] By the way, Pb system ferroelectrics, such as PbTi03, PLT (La addition PbTi03), PZT 
(PbZr03-PbTi03 solid solution), and PLZT (La addition PbZr03-PbTi03 solid solution), are in a thing 
with a property desirable as a ferroelectric. Since polarization shafts are the [001] directions, as for many 
of Pb system ferroelectrics, it is desirable that it is a single orientation film in respect of strong dielectric 
characteristics (001). However, according to research of this invention persons, when Pb system 
ferroelectric thin film was formed on Si single crystal substrate, it turns out that the domain structure in 
which the orientation (001) crystal and the orientation (100) crystal were intermingled is easy to be 
formed. Although it is hard coming to generate domain structure by increasing the addition of La for 
example, in a PLT thin film by adjusting composition, in that case, a ferroelectric property will become 
remarkably low. Moreover, it was very difficult to be easy to produce domain structure and to also use 
as a single orientation film the PZT thin film currently used abundantly as an outstanding ferroelectric 
material in the composition region where a ferroelectric property becomes good, i.e., the composition 
region where Ti/Zr (atomic ratio) is comparatively large. It turns out that a property becomes low rather 
than the case where when it came to such domain structure the ferroelectric property became remarkably 
low and forms on a MgO substrate rather than a single crystal. 

[0009] It is thought that one with it difficult [ to form the single orientation film of Pb system 
ferroelectric on Si single crystal substrate ] is based on the reason for explaining below. In the following 
explanation, PZT is mentioned as an example as a Pb system ferroelectric. 

[0010] Although each of Si and MgO(s) has a coefficient of thermal expansion smaller than PZT, 
especially the coefficient of thermal expansion of Si is 2.6x1 0-6/degree C, and is remarkably small 
compared with the coefficient of thermal expansion (14x1 0-6/degree C) of MgO. If it follows, for 
example, formation temperature of a PZT thin film is made into 600 degrees C, after formation, Si 
substrate will check contraction of a PZT thin film in the process cooled to a room temperature, and a 2- 
dimensional, comparatively big tensile stress will arise in the field in a PZT thin film. By the big film of 
a 2-dimensional tensile stress, the fall of a spontaneous-polarization value arises so that it may mention 
later. And it is going to ease this tensile stress and it is thought that PZT serves as a film with which an 
orientation (001) crystal and an orientation (100) crystal are intermingled, and the fall of a spontaneous- 
polarization value becomes remarkable. Moreover, since a big tensile stress will exist in a PZT thin film 
even if it becomes a single orientation film (001), a ferroelectric property will become low rather than 
the film with which orientation (001) and orientation (100) are intermingled. 
[001 1] By the way, the super-high density record medium which is made to carry out polarization 
reversal of the ferroelectric with an AFM (atomic force microscope) probe etc., and records information 
as shown in recent years, Appl.Phys.Lett.68 [ for example, ], and 2358 (1996) is examined. 
[0012] A ferroelectric is a material which polarization reverses on a certain threshold voltage. When 
using a ferroelectric, information is written in by impressing a pulse voltage to a ferroelectric with an 
AFM probe, an STM (scanning tunneling microscope) probe, etc., and only the field by which the probe 
was carried out arranging polarization with ** on the other hand, or reversing polarization. The 
piezoelectricity effect of a ferroelectric, a pyroelectric effect, the electro-optical effect, the current 
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detection at the time of polarization reversal, etc. can be used for read-out of information. 
[0013] AFM and STM have the resolution of atomic level. Moreover, since polarization reversal speed 
of a ferroelectric is as high-speed as 100 or less ns and it is possible to form a record bit with the size 
below lOnmphi, if a record bit is formed in a lOnmxlOnm field, the high-density memory of about [ 106 
megabits //cm ] two is realizable. 

[0014] What formed the ferroelectric thin film of a polycrystal on the substrate in which the conductor 
layer was formed, as above ferroelectric media for AFM or STM memory has been used. In the medium 
by the polycrystal ferroelectric thin film, the irregularity of the grain boundary of a ferroelectric thin 
film, a domain, and a front face serves as a noise. 

[0015] Since the distance between the probes and media in AFM or STM memory is nanometer order, 
the uniform front face in nanometer order is required also of the memory medium. Homogeneity, such 
as a charge by which a trap is carried out to surface irregularity, crystallinity, a domain, and a front face, 
is important. Because, if homogeneity, such as a charge by which a trap is carried out to the surface 
irregularity of a medium, crystallinity, a domain, and a front face, is bad in order to control the relative 
position of a probe and a record medium using an actuator in case it writes in and the address is carried 
out to a record bit in the case of read-out, a bit cannot be read normally. Or high-speed operation cannot 
be performed. Moreover, if the flat nature of a medium is bad, the noise by the charge by which a trap is 
carried out to surface irregularity, crystallinity, a domain, and a front face will mix in a record bit signal 
Conventionally, by the medium using the ferroelectric thin film, the medium which surface homogeneity 
is inadequate and has a uniform front face with nanometer order was not used. 

[0016] If a ferroelectric is formed in the form of an epitaxial film on a substrate in order to realize the 
high record medium of flat nature, the flat nature of molecule level can be obtained. However, since it is 
necessary to form this ferroelectric medium on the substrate in which the conductive thin film' was 
formed, on the bad conductive thin film of flat nature, the high ferroelectric thin film front face of flat 
nature is not obtained. Moreover, in order to form a ferroelectric in the form of an epitaxial film you 
must be the conductive thin film which was able to take adjustment of ferroelectric material and'a 
crystal lattice. 

[0017] Furthermore, as mentioned above, the ferroelectric material used here needs to be practically 
formed on Si substrate, and a ferroelectric property must not deteriorate by stress, domain formation 
etc. therefore, to the super-high density record medium which is made to carry out polarization reversal 
of the ferroelectric with an AFM probe etc., and records information Carry out grid adjustment with 
ferroelectric material, and the conductive high thin film of surface flat nature with high and crystallinity 
is required, and the ferroelectric thin film which is excellent in the strong **** property which does not 
have degradation by stress, domain formation, etc. further is required. And you have to realize such a 
conductive thin film and a ferroelectric thin film on Si substrate which is a practical substrate. However 
the membrane structure object equipped with such a thin film was not acquired until now. 
[0018] In addition, it is indicated by Japanese Patent Application No. No. 245642 [ eight to ] by these 
people by forming a ferroelectric thin film on the conductive thin film which consists of Pt that the 
ferroelectric excellent in flat nature is obtained. However, the ferroelectric thin film formed on Pt thin 
film needs to improve further about the flat nature of a long period comparatively, although the flat 
nature of a short period is comparatively good. & 
[0019] 

[Problem(s) to be Solved by the Invention] As described above, when a ferroelectric thin film, especially 
a PZT thin film are formed on Si single crystal substrate, a 2-dimensional big tensile stress cannot 
remain in a film surface, and sufficient spontaneous-polarization value cannot be acquired Moreover a 
flat conductive thin film was not obtained on Si single crystal substrate. 

[0020] Then, in this invention, in order that a front face may form the ferroelectric thin film which has 
flat and sufficient spontaneous-polarization value, especially a PZT thin film on Si single crystal 
substrate, it aims at being able to control the stress of a ferroelectric thin film and surface flat nature 
forming a good conductive thin film. It is very useful, in case it will apply to various fields, such as a 
nonvolatile memory, an infrared sensor, an optical modulator, an optical switch, and OEIC, if a 
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ferroelectric thin film with a big spontaneous-polarization value can be formed on Si single crystal 
substrate which is a semiconductor. If the high conductivity thin film of surface flat nature and the flat 
ferroelectric thin film formed on it are realizable especially, it is useful to the record medium using 
polarization reversal. 
[0021] 

[Means for Solving the Problem] Such a purpose is attained by this invention of following the (1) - (12). 

(1) The membrane structure object whose ten-point average of roughness height Rz with a criteria length 
of 5000nm it is the membrane structure object which has the substrate which has Si (100) side on a front 
face, and the oxide conductivity thin film formed on this substrate, the aforementioned oxide 
conductivity thin film is an epitaxial film which makes ruthenium acid strontium a principal component, 
and at least 80% of the front face of the aforementioned oxide conductivity thin film is lOnm or less. 

(2) The membrane structure object of the above (1) which is F(Sr/Ru) =0.91-0.97 when the 
aforementioned oxide conductivity thin film contains Sr, Ru, and O and sets atomic-ratio Sr/Ru in a film 
to F (Sr/Ru). 

(3) It is the above (1) or the membrane structure object of (2) which it has a ground thin film between a 
substrate and an oxide conductivity thin film, and this ground thin film has the perovskite crystal 
structure, is single (001) orientation when it is a tetragonal phase, and is single (100) orientation when it 
is a cubic. 

(4) The membrane structure object of the above (3) with which the aforementioned ground thin film 
makes a barium titanate a principal component. 

(5) a substrate — an oxide — conductivity — a thin film — between — middle — a thin film — having — 
this — middle — a thin film — a zirconium oxide — a system — a thin film containing — this — a 
zirconium oxide — a system — a thin film — a zirconium oxide — or — rare earth elements (Sc and Y are ■ 
included) — stabilizing — having had — a zirconium oxide — a principal component — ** — carrying out - 
- a tetragonal phase — or — monoclinic system — it is — the time — single (001) — orientation — it 

(6) One membrane structure object of above-mentioned (1) - (5) which has a ferroelectric thin film on an 
oxide conductivity thin film. 

(7) The membrane structure object of the above (6) with which the aforementioned ferroelectric thin 
film consists of zircon lead titanates. 

(8) The above (1) Electron device which has one membrane structure object of - (7). 

(9) The above (1) Record medium which has one membrane structure object of - (7). 

(10) The manufacture method of the oxide conductivity thin film set to E(Sr/Ru) =0.75-0.95 when 
atomic-ratio Sr/Ru of the element which it is the method of forming on a substrate the oxide 
conductivity thin film which consists of an oxide which contains Sr and Ru at least by plural vacuum 
depositions, and it faces performing vacuum evaporationo, introducing a oxidizing gas in a vacuum tub 
at least using Sr metal and Ru metal as an evaporation source, and is supplied from an evaporation 
source is set to E (Sr/Ru). 

(11) The manufacture method of the oxide conductivity thin film the above (10) which makes 
temperature of a substrate 800-1 100 degrees C, and performs vacuum evaporationo. 

(12) The above (1) The above (10) applied to manufacture of one membrane structure object of - (7), or 
the manufacture method of the oxide conductivity thin film of (1 1). 

[0022] 

[Function] According to this invention, an oxide conductivity thin film especially with the good flat 
nature of a long period can be formed on Si substrate. And using this oxide conductivity thin film, the 
crystal lattice in the epitaxial ferroelectric thin film formed on it can be made distorted so that the 
interval of the crystal face parallel to a film may be extended, or can be made into an almost undistorted 
state. Since a feiToelectric thin film is obtained by this as a single (001) orientation film which does not 
take domain structure, while enabling increase of the spontaneous-polarization value of a ferroelectric 
thin film, or fall prevention of a spontaneous-polarization value, it becomes possible to make surface flat 
nature good. 
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[0023] Next, based on theoretical consideration and an experimental data, an operation and effect of this 
invention are described in detail. Here, although the physical-properties value is known well, and 
PbTi03 which is a simple composition system is mentioned as an example and explained when carrying 
out theoretical consideration about Pb system ferroelectric, other Pb system ferroelectric material can be 
considered the same way. 

[0024] First, the spontaneous-polarization property in the bulk single crystal of ferroelectric material is 
considered. Ferroelectric material is set to PbTi03. In a room temperature, the lattice constant of an a- 
axis is the crystal of the tetragonal phase whose lattice constant of 0.3904nm and c axis is 0.41 52nm, 
and PbTi03 crystal has a polarization shaft in the [001] directions. This crystal is made to generate the 
stress of 2-dimensional one in field inboard with a grid parallel to the c-th page, and the result which 
calculated the spontaneous-polarization value Ps in that case using Devonshire thermodynamics 
relational expression is shown in drawing 1 . That to which the two-dimensional stress of the sign of 
minus has compressive stress and the sign of plus all over drawing expresses a tensile stress. This 
drawing shows spontaneous polarization increasing with increase of 2-dimensional compressive stress, 
and decreasing with increase of a 2-dimensional tensile stress. 

[0025] Next, PbTi03 thin film which grew epitaxially on Si substrate is considered. When the formation 
temperature of a thin film is 600 degrees C, supposing the single crystal thin film of orientation (001) is 
obtained, the c-th page of PbTi03 crystal lattice will be located in the crystal face and parallel which 
appear in a substrate front face at this time. Since coefficients of thermal expansion differ, two- 
dimensional stress generates PbTi03 and Si in the field of PbTi03 thin film in the process cooled from 
membrane formation temperature to a room temperature. The coefficient of thermal expansion of Si is 
2.6xl0-6/degree C, and Si substrate front face starts contraction from 600 degrees C in two dimensions 
in the cooling process to a room temperature according to this coefficient. Contraction of a shaft 
orientations produced into PbTi03 crystal on the other hand at this time although PbTi03 thin film is 
also contracted with contraction of Si substrate front face, and b shaft orientations is remarkably small 
compared with the contraction produced according to the coefficient of thermal expansion of PbTi03 
This is because the coefficient of thermal expansion of Si is remarkably small compared with it of 
PbTi03. For this reason, in PbTi03 thin film, the tensile stress has arisen after cooling. 
[0026] Thus, since the 2-dimensional tensile stress has arisen in the field in PbTi03 thin film formed on 
Si substrate, a spontaneous-polarization value will become smaller than the single crystal of bulk so that 
drawin g 1 may show. In addition, in fact, in order to ease this tensile stress, PbTi03 thin film turns into 
a film with which the orientation (00 1 ) crystal and the orientation ( 1 00) crystal were intermingled. 
[0027] It aims at suppressing the spontaneous-polarization fall when thin-film-izing about ferroelectrics 
such as PbTi03 and PZT, in this invention. In order to attain this purpose, let the tensile stress of the 
ferroelectric thin film which originates in the difference of a coefficient of thermal expansion with a 
substrate, and is produced be zero at reduction or a real target. Thereby, degradation of a spontaneous- 
polarization value can be prevented. Moreover, in this invention, a ferroelectric thin film can also be 
made to be able to produce compressive stress, and a spontaneous-polarization value can be increased in 
this case. 

[0028] The oxide conductivity thin film formed between Si single crystal substrate and the ferroelectric 
thin film specifically performs stress control of the ferroelectric thin film in this invention. This oxide 
conductivity thin film is used also as an electrode layer at the same time it is used as a buffer layer for 
growing a ferroelectric thin film epitaxially. Here, the case where PZT was used as a ferroelectric 
material and SrRu03 is used as an oxide conductivity thin film component is mentioned as an example 
and is explained. * ' 

[0029] First, Si (100) / SrRu03 (001) laminated-structure object which grew SrRu03 thin film 
epitaxially on Si (100) single crystal are used as a substrate, and the case where a PZT (001) thin film is 
grown epitaxially on this is considered. When substrate temperature at the time of PZT thin film 
formation is made into 600 degrees C, the PZT bulk object of the lattice constant of the a-axis in 600 
degrees C is 0.409nm (composition here of PZT is set to Pb(Ti0.4Zr0.6) 03). On the other hand 
SrRu03 is an original and GdFe03 type crystal, and the lattice constant is a= 0.553nm, b= 0.557nm, and 
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c= 0.785nm. However, a grid becomes false cube perovskite (pseudo-cubic perovskite) structure 
according to thin-film-izing, stress, or other effects. The lattice constant ape of the a-axis of this false 
cube perovskite structure is 0.396nm in 600 degrees C. Therefore, between a PZT thin film and SrRu03 
thin film, the misfit of a lattice constant exists at the time of membrane formation. 
[0030] The general deformation pattern of a thin film crystal lattice in case misfit exists between a 
substrate and an epitaxial growth thin film is explained using drawing 2 . In drawing 2 the case where 
(a) is the system which the substrate and the thin film became independent of is shown (b) shows the 
case where a thin film absorbs misfit by elastic distortion, and (c) shows the case where misfit is 
absorbed by transposition. In (b), the crystal lattice of a thin film was extended by c shaft orientations 
and it has contracted in an a-axis and b shaft orientations. That is, in this state, the compressive stress 'of 
2-dimensional one has arisen in the crystal lattice of a thin film. The state of (b) is produced when a film 
is thin. If misfit is completely absorbed by transposition as shown in (c), it will become the thin film of 
non-stress which has the same lattice constant as the state which shows in (a). The state of ( c) is 
produced when a film is thick. 

[0031] Thus, the PZT thin film to which the misfit of a lattice constant exists between substrates 
(Si/SrRu03) is m the state (when misfit is absorbed by elastic distortion) where 2-dimensional 
compressive stress exists, and a non-stress state, in the state where it held to membrane formation 
temperature (when misfit is absorbed by transposition). And as mentioned above, in the process cooled 
from i membrane formation temperature to a room temperature, it originates in a difference with the big 
coefficient of thermal expansion of Si and PZT, and the force of making a PZT thin film producing a 2- 
dimensional tensile stress works. For this reason, at a room temperature, a tensile stress will arise that it 
is in a non-stress state as shown in drawing 2 (c) in membrane formation temperature, and spontaneous 
polarization will become small. Generating of the tensile stress accompanying [ that it is in the state 
which compressive stress as shown in drawing 2 (b) in membrane formation temperature has produced 
on the other hand ] cooling is cancellable. 

[0032] Then, in this invention, in consideration of the smallness of the coefficient of thermal expansion 
of Si single crystal substrate, both combination was chosen so that the misfit of the lattice constant 
between the oxide conductivity thin films and ferroelectric thin films in membrane formation 
temperature might become suitable, and it may be in the state by which it is specifically shown in 
dmwmgl (b) Compressive stress of the ferroelectric at the time of membrane formation can be made 
into the suitable value which can cancel the influence of Si single crystal substrate in the case of cooling 
by this, and the ferroelectric thin film of a non-stress state or a room temperature can realize 
substantially the ferroelectric thin film which compressive stress has produced at a room temperature on 
Si substrate. For this reason, according to this invention, it becomes possible to form a PZT thin film as 
an epitaxial film of orientation (001) on Si single crystal substrate. Therefore, according to this 
invention, in case it applies to a device, it becomes possible using very important Si single crystal 
substrate to form the very big ferroelectric thin film of spontaneous polarization on it 
[0033] On the other hand, compared with the case where the difference of the coefficient of thermal 
expansion between both uses Si substrate in the combination of the MgO substrate and ferroelectric thin 
film which are known conventionally, it is remarkably small. For this reason, it is not necessary to limit 
the grade of both misfit in membrane formation temperature in consideration of the difference of 
contraction from the substrate and ferroelectric thin film in the cooling process from membrane 
formation temperature, and such a proposal is not actually made conventionally 

[0034] Moreover, when a film is formed thickly, it is easy to produce transposition, and for this reason 
the compressive stress by misfit is easy to be eased. Since the tensile stress produced during cooling ' 
though some transposition arises at membrane formation temperature and the compressive stress bv 
misfit is eased when a MgO substrate is used is small, when it cools to a room temperature, a big tensile 
sfress does not exist. For this reason, when a MgO substrate is used, finally a big tensile stress does not 
arise on the conditions which a ferroelectric thin film is thick and transposition tends to produce On the 
other hand, since Si substrate is used in this invention, the tensile stress produced by contraction of a 
substrate at the time of cooling is large. Therefore, big compressive stress must arise at the time of 
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membrane formation. 

[0035] The compressive stress in the ferroelectric thin film accumulated by misfit is so desirable that a 
ferroelectric thin film is thin for canceling the influence of Si single crystal substrate in the case of 
cooling since it is hard to be eased so that a ferroelectric thin film is thin. However, since a thin 
ferroelectric thin film tends to be influenced of the front-face nature of the oxide conductivity thin film 
which is a ground, its front- face nature of an oxide conductivity thin film must be good. To such a 
demand, the front-face nature which was excellent when it formed in Si single crystal substrate front 
face is obtained, and the ruthenium acid strontium thin film used by this invention can realize flat nature 
of molecule level, even when a thin ferroelectric thin film is formed on it. 

[0036] And on a ruthenium acid strontium thin film, even if it was a comparatively thick ferroelectric 
thin film, it was hard to produce the misfit relief by generating of transposition, and it turns out that the 
influence which the thickness of a ferroelectric thin film has on accumulation of compressive stress is 
small. It is thought that this effect is realized since transposition cannot go into the interface of a 
ferroelectric thin film and a ruthenium acid strontium thin film easily since the flat nature of a ruthenium 
acid strontium thin film front face is very good, and a ferroelectric thin film with more high integrity 
grows epitaxially. Moreover, it is thought that a crystal lattice carries out elastic deformation of this 
effect both since a ferroelectric thin film and a ruthenium acid strontium thin film are perovskite oxides 
(false cube perovskite structure which the ruthenium acid strontium thin film mentioned above), and it is 
realized since a grid carries out elastic deformation without transposition and accumulation of stress is 
performed when a plastic-deformation limitation is high, namely, the big stress by misfit, the difference 
in a coefficient of thermal expansion, etc. arises. 

[0037] By this invention, the ferroelectric thin film which compressive stress has produced is 
substantially realizable at a room temperature at the ferroelectric thin film of a non-stress state, or a 
room temperature on Si substrate with such an operation. For this reason, according to this invention, it 
becomes possible to form a PZT thin film as an epitaxial film of orientation (001) on Si single crystal 
substrate, for example. 

[0038] Controlling membrane stress and aiming at a property improvement, in case a dielectric thin film 
is formed is indicated by JP,8- 195328, A. Invention of the 1st given [ this ] in an official report is a thing 
of making a crystal lattice distorted so that the interval of the crystal face of a direction parallel to the 
field which the interface of a dielectric film and a capacitor electrode makes may become long, and on : 
the other hand, making a crystal lattice distorted so that the interval of the aforementioned crystal face 
may become short, when a capacitor dielectric film consists of a capacitor electrode and a ferroelectric 
perovskite crystal in the capacitor dielectric film which consists of a thin film of a capacitor electrode 
and a paraelectrics perovskite crystal. That is, this invention makes compressive stress exist in a film 
surface in a paraelectrics thin film, and makes a tensile stress exist in a film surface in a ferroelectric thin 
film. If a ferroelectric is made to produce a tensile stress, although a dielectric constant will improve, 
spontaneous polarization falls. Invention given [ this ] in an official report does not aim at improvement 
in a spontaneous-polarization value for the purpose of applying to ferroelectric random-access memory 
aiming at improvement in a dielectric constant for the purpose of applying to the usual DRAM etc. 
[0039] Although the example which used Si single crystal substrate for this official report is also 
indicated, that the dielectric film is carrying out orientation (001) in the example of this official report is 
only the case (the 6th example) where carried out the laminating of the Pt (001) film on the MgO (001) 
film, and a dielectric film (KTa03) is formed on this. 

[0040] Moreover, invention which improves a property is indicated by by controlling the stress of a 
ferroelectric thin film also to JP,8-139292,A. 

[0041] The conductive substrate which invention indicated by the claim 1 of this official report becomes 
from a conductive material which has the crystal structure to which a front face belongs to the field 
(001) or cubic system of tetragonal system at least, The dielectric film which consists of a dielectric 
material which has the perovskite type crystal structure belonging to the tetragonal system or cubic 
system which grew epitaxially on this conductive substrate, In the thin film capacitor possessing the up 
electrode formed on this dielectric film the Curie temperature of aforementioned dielectric material 
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original below 150 degrees C The lattice constant as of conductive material original expressed with a 
axial length of the crystal structure of the lattice constant ad of dielectric material original, tetragonal 
system, or cubic system expressed with a axial length of the perovskite type crystal structure is the thin 
film capacitor with which are satisfied of the relational expression of 1.002 <=ad/as<=1.015. Moreover, 
invention indicated by the claim 7 of this official report The dielectric film which consists of a dielectric 
material which is the perovskite type crystal structure of the tetragonal system which grew epitaxially on 
the 1st electrode and this 1st electrode, or hexagonal system, In the thin film capacitor possessing the 
2nd electrode formed on this dielectric film The thickness of the aforementioned dielectric film is 15nm 
or more. The c axial length Ce of a dielectric material after epitaxial growth, c axial length or the 
hexagonal system a axial length Co of tetragonal system of dielectric material original before the 
epitaxial growth corresponding to this c axial length Ce is the thin film capacitor with which are 
satisfied of the relational expression of Ce/Co>=1.02. 

[0042] A thin film capacitor given [ this ] in an official report has the ferroelectric thin film to which the 
a- axis of a grid which has the perovskite type crystal structure was shrunken, and c axis was extended, 
as shown in the column of an operation of this official report. In this official report, it is making for a 
remanence and its temperature dependence to be improvable etc. into the effect. 
[0043] In order to obtain such a ferroelectric thin film, in this official report, a single crystal Si layer is 
formed on the insulating layer (oxidization Si layer) formed in Si substrate front face, and the 
ferroelectric thin film is formed on it through the lower electrode which consists of a barrier layer which 
consists of a nickel silicide etc., Pt, etc. As the formation method of a single crystal Si layer, the method 
of subsequently making it single-crystal-ize through solid phase growth from Si substrate interface by 
annealing is indicated by carrying out the selective growth of the amorphous silicon layer to the method 
of carrying out the direct selective growth of the single crystal Si layer first. 

[0044] However, according to research of this invention persons, even if it used the method given [ this ] 
in an official report, good Si single crystal layer of front-face nature could not be obtained, therefore a 
crystalline good ferroelectric thin film was not able to be obtained on it. And although c axial-length 
ratio (Ce/Co) limited by the claim 7 of this official report was also unrealizable, that c axial-length ratio 
is indicated also in the example of this official report is only the case where oxide substrates, such as 
MgO, are used. 

[0045] It is only examples 7, 8, and 9 that there is designation of a purport using Si single crystal 
substrate among the examples of this official report. In the example 7, are formed a TiN film with a 
thickness of 400nm on Si single crystal substrate, and calcium0.5Y0.5TiO3 film with a thickness of 
200nm is formed as a lower electrode on this. Besides Ba0.5Sr0.5TiO3 dielectric film with a thickness 
of 200nm is formed, thickness of a dielectric film is set to lOOnm in the example 8, and composition of a 
dielectric film is changed into Ba0.45La0.05Sr0.5TiO3 in the example 9. In these examples, when each 
film is formed, the lower electrode and the dielectric film are amorphous, and as a result of performing 
700 degrees C and annealing for 1 minute using the infrared-lamp annealer, they suppose that it single- 
crystal-ized. However, after forming the layered product of an amorphous film unlike the method of 
growing a thin film epitaxially sequentially from Si single crystal substrate side like this invention, and 
finally forming the ferroelectric thin film of a single crystal, the use of misfit mentioned above by the 
method of annealing this is impossible. For this reason, by the method of using annealing indicated by 
this official report, single-crystal-izing of a ferroelectric thin film is difficult, or it is thought that it is 
impossible. Actually, c axial-length ratio is not indicated by the examples 7-9 of this official report, but 
there is no publication of the purport from which the single orientation film was obtained in them. ' 
[0046] Thus, unlike the Prior art which controls the stress of the ferroelectric thin film on a MgO 
substrate, this invention realizes the high oxide conductivity thin film of flat nature on Si substrate, and 
uses this. [ whether the crystal lattice in an epitaxial ferroelectric thin film is made distorted so that the 
interval of the crystal face parallel to a film may be extended, and ] or as a single (001) orientation film 
which does not take domain structure by considering as an almost undistorted state While enabling 
increase of the spontaneous-polarization value of a ferroelectric thin film, or fall prevention of a 
spontaneous-polarization value, it makes it possible to realize surface flat nature, and the effect which 
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could not be made conventionally is realized. 

[0047] Moreover, it can set to this invention and can also form on an oxide conductivity thin film, not 
only a ferroelectric thin film but other functional films, for example, superconductivity thin film etc., 
etc. For example, since it becomes a thin film with little [ it is flat and ] degradation by stress like the 
case of a ferroelectric thin film when a superconductivity thin film is formed, the outstanding 
superconductivity property is acquired. 

[0048] The membrane structure object acquired by this invention demonstrates the outstanding property 
in various fields, such as a nonvolatile memory, an infrared sensor, an optical modulator, an optical 
switch, OEIC, and a record medium using polarization reversal. 
[0049] 

[Embodiments of the Invention] The membrane structure object of this invention has at least Si substrate 
and the oxide conductivity thin film formed on this substrate. It is desirable that a middle thin film or a 
ground thin film is prepared between a substrate and an oxide conductivity thin film, and it is more 
desirable that the laminating is carried out in the order of a substrate, a middle thin film, a ground thin 
film, and an oxide conductivity thin film. A ferroelectric thin film is prepared in contact with this on an 
oxide conductivity thin film. Hereafter, the manufacture method is explained to each thin film and a 
substrate row in detail. 

[0050] The material of the substrate used by the substrate this invention is used so that the field (100) of 
Si single crystal may turn into a substrate front face. 

[0051] As for composition of the oxide conductivity thin film which the membrane structure object of 
an oxide conductivity thin film this invention has, it is desirable to make ruthenium acid strontium 
(henceforth SRO) into a principal component. It is used as a buffer crystal for forming as an epitaxial 
film, and an oxide conductivity thin film can use as an electrode layer simultaneously, a ferroelectric 
thin film, other functional films, for example, a superconductor thin film etc., etc. 
[0052] As for an oxide conductivity thin film, it is desirable that the specific resistance in bulk is 10-5 - 
10-2ohmcm. Moreover, it is desirable that they are the specific resistance 10-5 as a thin film - 10- 
2ohmcm. 

[0053] An oxide conductivity thin film is an epitaxial film, and is a single (001) orientation film. The 
flat nature of molecule level is obtained by using the field (001) of SRO as a thin film front face. 
Moreover, when a ferroelectric thin film is formed on it, the crystal growth of the ferroelectric thin film 
can be carried out by orientation (001). (001) Since the polarization shaft orientations of the ferroelectric 
thin film of orientation become a substrate front face and a perpendicular, it is advantageous to the 
property of the device which uses this diaphragm structure. 

[0054] In addition, in this specification, an epitaxial film needs to be a single orientation film in the first 
place. The single orientation film in this case is a film of the maximum peak intensity of the field which 
the peak intensity of reflection of things other than the field made into the purpose makes the purpose 
which is 5% or less preferably 10% or less, when measurement by the X diffraction is performed, for 
example, 10% or less of the maximum peak intensity of field (00L) reflection [ by the single (001) 
orientation film, i.e., a c-th page single orientation film, ] of the intensity of reflective peaks other than a 
field (00L) by membranous 2 theta-theta X diffraction — desirable — 5% or less — it is . in addition, this 
specification - setting (00L) — etc. (002) etc. — it is the display which names an equivalent field 
generically (001) When the inside of a film surface is made into a X-Y side and the Z-axis is set as the 
direction of thickness, a crystal is equal to both the X-axis, a Y-axis, and Z shaft orientations, and needs 
to be carrying out orientation to the second. Such orientation can be checked by a spot or a streak pattern 
being shown by RHEED evaluation. It can be called an epitaxial film if these conditions are satisfied. In 
addition, RHEED is a reflective high-speed electron diffraction (Reflction HighEnergy Electron 
Diffraction), and RHEED evaluation is the index of the orientation of the crystallographic axis in a film 
surface. 

[0055] In order that an oxide conductivity thin film may raise the crystallinity of functional films, such 
as a ferroelectric thin film formed on it, as a buffer crystal, its crystallinity is good and it is desirable that 
a front face is flat on molecule level. 
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[0056] The crystallinity of a thin film can be evaluated by the half-value width of the rocking curve of 
the reflective peak in XRD (X diffraction), and the pattern of the image by RHEED. Moreover, the 
streak nature of a RHEED image and the surface roughness (ten-point average of roughness height) 
measured by AFM can estimate front-face nature. 

[0057] As for an oxide conductivity thin film, it is desirable to have the crystallinity of the grade from 
which the half-value width of the rocking curve of reflection of the field by the X diffraction (002) 
becomes 1.50 degrees or less. Moreover, lOnm or less of surface roughness Rz (the ten-point average of 
roughness height, a criteria length of 5000nm) measured by AFM is 5nm or less preferably. In addition, 
a front face is desirable and, as for such surface roughness, it is more preferably desirable to have 
realized in 95% or more of field still more preferably 90% or more 80% or more. The above-mentioned 
surface roughness is a value which measures ten or more arbitrary places distributed over the average 
over the with a 10cm area [ or more 2 ] field, when each class is formed over the whole substrate 
surface. In this specification, when ten or more places are measured as mentioned above as Rz is lOnm 
or less at 80% or more on the front face of a thin film, it means that Rz is lOnm or less in 80% or more 
of the part. In addition, surface roughness Rz is specified to JIS B 0610. 

[0058] Although there are not half- value width of a rocking curve and especially a lower limit of Rz, 
and it is so desirable that it is small, now, generally, about 0.7 degrees especially of lower limits of about 
0.4 degrees and Above Rz of the lower limit of the half-value width of a rocking curve are about 
0.1 Onm. 

[0059] A RHEED image is a streak, and moreover, when sharp, the crystallinity of each class and 
surface flat nature will be excellent. 

[0060] The oxide conductivity thin film which is excellent on Si substrate at the surface flat nature in the 
above molecule level is realizable by controlling by this invention to mention composition of an oxide 
conductivity thin film later. 

[0061] SRO is an oxide containing Sr and Ru, generally is Sr:Ru:0=l:l:3, and is the false cube 
perovskite type crystal structure. Since an oxygen defect or superfluous oxygen usually exists in SRO, 
the ratio of O to Ru is usually 2.7 to about 3.3. 

[0062] When atomic-ratio Sr/Ru in SRO used for an oxide conductivity thin film in this invention is 
expressed as F (Sr/Ru), it is F(Sr/Ru) =0.91-0.97 preferably, is F(Sr/Ru) =0.92-0.96 preferably, and is F 
(Sr/Ru) =0.93-0.95 more preferably. Change of the front-face nature of the SRO thin film when 
changing F (Sr/Ru) into drawing 3 - drawing 5 is shown. These drawings are the AFM images of an 
oxide conductivity thin film. The shade scale showing the grade of the irregularity in each drawing is 
shown in drawing 6 . These drawings show that the front face where the value of F (Sr/Ru) is [ the 0.94 
neighborhoods ] flat is obtained. Even if F (Sr/Ru) is too small, even if too large, the front-face nature of 
a thin film will become bad again. It is possible by control of manufacture conditions to make F (Sr/Ru) 
into the above-mentioned range, in order to obtain a flat front face. F (Sr/Ru) can be controlled with 
stably sufficient repeatability very easily by specifically using the manufacture method mentioned later. 
It can ask for the content of Sr and Ru by the X-ray fluorescence analysis. In the false cube perovskite 
structure in a SRO thin film, a part of A site (Sr site) may be replaced by at least one sort of Ba, calcium, 
and rare earth elements (Sc and Y are included), and a part of B site (Ru site) may be replaced by at least 
one sort of Ti and Zr. By substitution in these elements, it becomes controllable [ the conductivity as an 
electrode of an oxide conductivity thin film control of a work function, and the lattice constant as a 
buffer crystal ], and can use for property optimization of the device which uses this diaphragm structure. 
In addition, when Sr and Ru are replaced and the above-mentioned F (Sr/Ru) is computed, these 
substitution elements are converted into Sr and Ru, and are considered. 

[0063] Generally, although the thickness of an oxide conductivity thin film is about 50-500nm 
preferably, it is desirable that it is thin to the grade by which crystallinity and front-face nature are not 
spoiled by the grade by which the conductivity as an electrode is not spoiled again. 
[0064] It is desirable to prepare a ground thin film between a ground thin film substrate and an oxide 
conductivity thin film. A ground thin film exists in contact with an oxide conductivity thin film. 
[0065] A ground thin film has the perovskite type crystal structure. A perovskite type structure is 
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expressed with a chemical formula AB03. Here, A and B express a cation respectively. One or more 
sorts chosen from calcium, Ba, Sr, Pb, K, Na, Li, La, and Cd as A in this invention, especially Ba or Sr 
is desirable, and one or more sorts chosen from Ti, Zr, Ta, and Nb as B, especially Ti are desirable. That 
is, as for a ground thin film, it is desirable to form a barium titanate or a strontium titanate as a principal 
component, and being especially formed of a barium titanate is desirable. 

[0066] atomic-ratio A/B in such a perovskite type compound - desirable - 0.8-1.3 - it is 0.9-1.2 more 
preferably Less than by 0.8, if it becomes impossible to desire an improvement effect of crystallinity 
[ A/B ] and A/B exceeds 1.3, formation of a homogeneous thin film will become difficult. It can ask for 
the composition ratio of A/B from an X-ray fluorescence analysis. Composition of O in AB03 is not 
limited to 3. Since there are some which construct the perovskite structure stabilized in an oxygen defect 
or hyperoxia depending on perovskite material, as for the value of x, in ABOX, it is desirable that it is 
2.7-3.3. 

[0067] It is desirable that the c-th page carries out orientation to single (001) orientation, i.e., a substrate 
front face, and parallel individually when it is a tetragonal phase, and when it is a cubic, it is desirable 
that the a-th page carries out orientation to single (100) orientation, i.e., a substrate front face, and 
parallel individually, and even when it is any, it is more desirable [ a ground thin film ] that it is an 
epitaxial film. Moreover, as for the orientation relationship of a ground thin film and Si (100) substrate, 
it is desirable that they are tetragonal [100]// Si [010], or cubic [010]//Si [010]. That is, as for a thin film 
and a substrate, it is desirable that shafts are parallel in a field. Such a laminated structure is effective for 
raising the crystallinity of the oxide conductivity thin film further formed on this structure, or a 
ferroelectric thin film, and forming these as a single orientation film or an epitaxial film. Since a ground 
thin film has good grid adjustment with an oxide conductivity thin film, a crystalline high oxide 
conductivity thin film and a crystalline ferroelectric thin film are obtained. 

[0068] It is desirable that a middle thin film is prepared between a middle thin film substrate and an 
oxide conductivity thin film. When preparing a ground thin film, a ground thin film will be located 
between a middle thin film and an oxide conductivity thin film. A middle thin film consists of a 
zirconium-oxide system thin film, or this and a rare earth oxide system thin film. 

[0069] A zirconium-oxide system thin film makes a principal component the zirconium oxide (stabilized 
zirconia) which made the zirconium oxide the principal component or was stabilized by rare earth 
elements (Sc and Y are included). By preparing this thin film, ablation of the ground thin film prepared 
on it, an oxide conductivity thin film, and a ferroelectric thin film can be prevented. Moreover, since this 
thin film has good grid adjustment with the ground thin film which consists of a barium titanate etc., a 
crystalline high oxide conductivity thin film and a crystalline ferroelectric thin film are obtained as a 
result. 

[0070] A zirconium oxide and a stabilized zirconia have the desirable thing of the composition 
expressed with Zrl-xRx02-delta (R is the rare earth elements containing Sc and Y, and is x= 0 to 0.75, 
and delta=0-0.5). About x and delta, it mentions later. It is desirable that it is at least one sort chosen 
from Pr, Ce, Nd, Gd, Tb, Dy, Ho, and Er as R. 

[0071] As for a zirconium-oxide system thin film, it is desirable to have single crystal orientation. Since 
a grain boundary exists in the thin film which has two or more crystal faces, this is the ground thin film 
on it, an oxide conductivity thin film, and because epitaxial growth of the ferroelectric thin film on it 
becomes impossible further. Specifically, when it is a tetragonal phase or monoclinic system and is a 
single (001) orientation film and a cubic, it is desirable that it is a single (100) orientation film, and even 
when it is any, it is more desirable that it is an epitaxial film. If such a good crystalline zirconium-oxide 
system thin film can be formed, the disturbance of the physical quantity by the grain boundary etc. is 
lost, and a good ground thin film, an oxide conductivity thin film, and a ferroelectric thin film can be 
formed on a zirconium-oxide system thin film. 

[0072] When the laminating of a middle thin film (Zrl-xRx02-delta) and the ground thin film (BaTi03) 
is carried out to Si (100) substrate front face one by one, as for these orientation relationships, it is 
desirable that they are BaTiO3(001)//Zrl-xRxO2-delta(001)// Si (100), and BaTi03 [100]//Zrl-xRxO2- 
delta[100]// Si [010]. Although this is the case where each of middle thin films and ground thin films is 
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tetragonal phases, even when these thin films are cubics, it is the same at the point that it is desirable 
that shafts are parallel in a field. 

[0073] When it is going to obtain the BaTi03 epitaxial film of orientation (001), in the analogy from the 
conventional examples, such as YBCO, the orientation relationship BaTiO3(001)//Zrl-xRxO2 -delta 
(001)// Si (100), And it is set to BaTi03 [1 10]//Zrl-xRxO2-delta[100]// Si [010], and it is presumed that 
45 degrees rotates within the c-th page to the grid of Zrl-xRx02-delta, and the unit lattice of BaTi03 
can take adjustment of a grid, and grows epitaxially. However, according to the experiment of this 
invention persons, such an orientation relationship is difficult to constitute and it found out that it could 
constitute from relation between BaTiO3(001)//Zrl-xRxO2-delta(001)// Si (100), and BaTi03 
[100]//Zrl-xRxO2-delta[100]// Si [010]. 

[0074] Although the lattice constant of an a-axis is 0.52 by the Zrl-xRx02-delta film and is 0.40 by 
BaTi03 film, misfit becomes 8.4% in the relation between BaTi03 [1 10]//Zrl-xRxO2-delta[100]// Si 
[010] which rotates and carries out grid adjustment in 45-degree side, however, in BaTi03 [100]//Zrl- 
xRxO2-delta[100]// Si [010] The a-th page of BaTi03 crystal and the a-th page of a Zrl-xRx02-delta 
crystal are adjusted as they are, without rotating, and BaTi034 grid (0.4x4=1. 60[nm]) adjusts it to Zrl- 
xRx02-delta3 grid (0.52x3=1. 56[nm]) in this case. At this time, misfit is well matched with 2.6%. 
Therefore, epitaxial BaTi03 film of orientation (001) can be obtained by using the relation between 
BaTi03 [100]//Zrl-xRxO2-delta[100]// Si [010]. 

[0075] Cubic -> tetragonal -> monoclinic system and phase transition are produced applying [ 2 ] it to a 
room temperature from an elevated temperature. It is the stabilized zirconia which added rare earth 
elements in order to stabilize a cubic. It depends for the crystallinity of a Zrl-xRx02 -delta film on the 
range of x. Jpn.J.Appl.Phys.27 x becomes a tetragonal phase or a monoclinic system crystal in the 
composition region which is less than 0.2 as reported to (8) L1404-L1405 (1988). Until now, in 0.2 or 
more cubic fields, the epitaxial film of single orientation is obtained for x. However, although x is a 
cubic in the field exceeding 0.75, single orientation is not acquired but the crystal of orientation (111) 
mixes it, for example (100). On the other hand, in the field used as a tetragonal phase or monoclinic 
system, it is J.Appl.Phys.58. (6) Orientation sides other than what it is going to obtain mix, and the 
epitaxial film of single orientation is not obtained as stated also to 2407-2409 (1985). 
[0076] Therefore, as for x, from the point of crystal orientation, it is desirable in Zrl-xRx02-delta that it 
is 0.2-0.75. The more desirable ranges of x are 0.2-0.50. If a zirconium-oxide system thin film is an 
epitaxial film, it will be easy to grow epitaxially the ground thin film, oxide conductivity thin film, and 
ferroelectric thin film which are formed on it. 

[0077] In order for the rare earth elements which a stabilized zirconia contains to make the lattice 
constant of the thin film prepared on the lattice constant of Si substrate, and a zirconium-oxide system 
thin film, and the lattice constant of a zirconium-oxide system thin film match preferably, the kind and 
addition are chosen. For example, as for with an above-mentioned lattice constant of 0.52nm Zrl- 
xRx02-delta, R is Y and x is the thing of 0.3. Although a lattice constant is changeable if x is changed 
with the kind of R fixed, the field of matching in change of only x which can be adjusted is narrow. 
Here, if it changes to Y and Pr is used, it is possible to enlarge a lattice constant and matching with 
BaTi03 crystal of a ground thin film can be optimized. 

[0078] In addition, although the zirconium oxide which does not include an oxygen defect is expressed 
with a chemical formula Zr02, it becomes the range in which the amount of oxygen changed and 
usually described above delta in Zrl-xRx02-delta with the kind, amount, and valence of the rare earth 
elements which added the zirconium oxide which added rare earth elements. 

[0079] In Zrl-xRx02 -delta, as mentioned above, crystallinity did not become fitness, and good front- 
face nature was not obtained in the field whose x is less than 0.2, and especially the composition region 
of a high grade where the ratio of Zr in the composition element except oxygen exceeds 93-mol%, 
either. However, as a result of this invention persons' repeating examination, by applying the 
manufacture method mentioned later showed the above-mentioned single orientation and that epitaxial 
growth became still more possible and a value also with good front- face nature was acquired. There is a 
merit which is described below in Zr02 film of a high grade. 
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[0080] It is desirable, when insulation resistance also becomes high and a leakage current also needs an 
insulating property from a bird clapper small so that the purity of Zr02 is so high that the ratio of Zr in 
the composition element except oxygen is high. Moreover, since the hysteresis of the C-V property of 
seeing when YSZ (Y stabilized zirconia) is used as an insulator is lost when Zr02 is used as an insulator 
in metal-insulator-semiconductor structure (MIS structure), an interface property is excellent as an MIS 
element. It is possible that the stress generated by the difference in a coefficient of thermal expansion 
between Si substrate and a zirconium-oxide system thin film is eased by the phase transition of Zr02 as 
this reason, and that there are few oxygen defects of Zr02. Since stress was not eased since there was no 
phase transition, and YSZ has added rare earth elements, it has many oxygen defects. Moreover, also in 
metal-ferroelectric-metal-insulator-semiconductor structure (MFMIS structure) and metal-ferroelectric- 
insulator-semiconductor structure (MFIS structure), since the C-V hysteresis of information-separator 
portion is lost when Zr02 is used as an insulator, the C-V hysteresis by polarization reversal of a 
ferroelectric is acquired effectively, and is desirable. 

[0081] therefore, the ratio of Zr in the composition element excluding the oxygen in a zirconium-oxide 
system thin film when good crystallinity and front-face nature are obtained ~ desirable — 93mol% ** — 
more - desirable ~ more than 95mol% — further — desirable - more than 98mol% — it is more than 
99.5mol% most preferably Oxygen and the composition element except Zr are usually rare earth 
elements, P, etc. In addition, now, the upper limit of the ratio of Zr is about 99.99mol%. Moreover, with 
the present high grade-ized technology, since separation with Zr02 and Hf02 is difficult, the purity of 
Zr02 has usually pointed out the purity in Zr+Hf. Therefore, although the purity of Zr02 in this 
specification is the value computed by having considered that Hf and Zr were these elements, since 
HfD2 functions completely like Zr02 in the zirconium-oxide system thin film in this invention, a 
problem does not have it. 

[0082] In addition, when forming a middle thin film, the oxygen in a middle thin film is spread near the 
substrate front face of Si single crystal substrate, near a substrate front face oxidizes shallowly (for 
example, about 5nm or less), and oxide layers, such as Si02, may be formed. Moreover, depending on 
the method of membrane formation, Si oxide layer may remain on Si substrate front face at the time of 
middle thin film formation. 

[0083] As described above, when the stabilized zirconia described above as a middle thin film is used, a 
hysteresis is seen by the C-V property and it is inferior to a Zr02 high-grade film in this point. In this 
case, the hysteresis of a C-V property can be abolished by carrying out the laminating of the rare earth 
oxide system thin film mentioned later on a zirconium-oxide system thin film. Moreover, matching of 
the grid adjustment between ferroelectric thin films becomes better by carrying out the laminating of the 
rare earth oxide system thin film. 

[0084] As for a rare earth oxide system thin film, it is desirable to consist of substantially rare earth 
oxides of Y, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu which contain at least one sort 
of Ce, Pr, Nd, Gd, Tb, Dy, Ho, and Er especially at least one sort. In addition, the ratio is arbitrary when 
using two or more sorts of rare earth elements. 

[0085] When the laminating of the rare earth oxide system thin film is carried out, an element 
distribution may be a uniform film and a zirconium-oxide system thin film may be an inclination 
structure film from which composition changes in the direction of thickness. When considering as an 
inclination structure film, while applying to a rare earth oxide system thin film side from a substrate side 
and increasing gradually or gradually the rare-earth-elements content in a zirconium-oxide system thin 
film, Zr content is decreased gradually or gradually. By considering as such an inclination structure film, 
it becomes easy for the misfit of the grid between a zirconium-oxide system thin film and a rare earth 
oxide system thin film to become small, or to stop existing, and to make a rare earth oxide system thin 
film into the epitaxial film of high crystallinity. 

[0086] In addition, a rare earth oxide system thin film is formed on a zirconium-oxide system thin film 
because the film of single (001) orientation or single (100) orientation cannot be formed but it becomes 
the film of cubic orientation (111) only by the rare earth oxide system thin film. 
[0087] As for the rare earth elements added to a rare earth oxide system thin film, it is desirable to use 
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the same thing as the rare earth elements added to a zirconium-oxide system thin film. 
[0088] You may introduce an additive into a zirconium-oxide system thin film and a rare earth oxide 
system thin film for a property improvement. For example, if alkaline-earth elements, such as calcium 
and Mg, are doped to these thin films, a membranous pinhole can decrease and leak can be suppressed. 
Moreover, aluminum and Si are effective in raising membranous resistivity. Furthermore, transition- 
metals elements, such as Mn, Fe, Co, and nickel, can form the level (trap level) by the impurity into a 
film, and conductive control is attained by using this level. 

[0089] In order that the crystallinity of a ground thin film and a middle thin film, front- face nature, a 
thickness ground thin film, and a middle thin film may raise the crystallinity of the thin film formed on 
it, its crystallinity is good and it is desirable that a front face is flat. 

[0090] The half- value width of the rocking curve of the reflective peak in XRD (X diffraction) and the 
pattern of the image by RHEED can investigate the crystallinity of a thin film. Moreover, front-face 
nature can be investigated by the streak nature of a RHEED image, and the surface roughness (ten-point 
average of roughness height) measured by AFM. 

[0091] As for the crystallinity of a ground thin film and a middle thin film, it is desirable that it is that 
from which the half- value width of the rocking curve of reflection of the field by the X diffraction (002) 
becomes 1.50 degrees or less. Moreover, about a ground thin film and a middle thin film, when surface 
roughness Rz (the ten-point average of roughness height, a criteria length of 500nm) is measured by 
AFM, it is desirable that it is 2nm or less, and it is more desirable that it is 0.60nm or less. In addition, 
the front face of each thin film is desirable, and, as for such surface roughness, it is more preferably 
desirable to have realized in 95% or more of field still more preferably 90% or more 80% or more. The 
above-mentioned surface roughness is a value which measures ten or more arbitrary places distributed 
over the average, when each thin film is formed over the whole substrate surface of 2 an area of 10cm. 
[0092] Although there are not half- value width of a rocking curve and especially a lower limit of Rz, 
and it is so desirable that it is small, now, the lower limit of the ten-point average of roughness height Rz 
with about 0.4 degrees and a criteria length of 500nm of the lower limit of the half- value width of a 
rocking curve is about 0.1 Onm. 

[0093] A RHEED image is a streak, and moreover, when sharp, the crystallinity of each thin film and 
surface flat nature will be excellent. 

[0094] The thickness of a ground thin film changes with uses, and generally, although it is 50-150nm 
more preferably, it is preferably desirable that it is thin to the grade by which crystallinity and front-face 
nature are not spoiled 5-500nm. Moreover, as for the thickness in the case of using a ground thin film as 
an insulating layer, it is desirable that it is about 50-500nm. 

[0095] The thickness of a middle thin film also changes with uses, and generally, although it is 10-50nm 
more preferably, it is preferably desirable that it is thin to the grade which does not spoil crystallinity 
and front- face nature 5-500nm. Moreover, as for the thickness in the case of using a middle thin film as 
an insulating layer, it is desirable that it is about 50-500nm. In addition, when considering as the two- 
layer composition which described the middle thin film above, as for the thickness of each thin film, it is 
desirable that it is 0.5nm or more, and, as for the thickness of the whole middle thin film, considering as 
the above-mentioned range is desirable. 

[0096] A ferroelectric thin film ferroelectric thin film is prepared on an oxide conductivity thin film. 
Even if the oxide conductivity thin film which is a ground is a thin ferroelectric thin film as well as a 
thick ferroelectric thin film since surface flat nature is good in spite of being formed on Si substrate, it 
can realize flat nature of the molecule level of a ferroelectric thin film front face. 
[0097] Since the misfit relief by generating of transposition cannot take place easily, the ferroelectric 
thin film formed on an oxide conductivity thin film can accumulate compressive stress. Therefore, 
compressive stress accumulated at the time of formation can be made into the suitable value which can 
cancel the influence of Si single crystal substrate in the case of cooling, and the ferroelectric thin film of* 
a non-stress state, the small ferroelectric thin film of a tensile stress, or a room temperature can realize 
substantially the ferroelectric thin film which compressive stress has produced at a room temperature on 
Si substrate. For this reason, in this invention, it becomes possible to form a PZT thin film not as the 
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mixture film of an orientation crystal and an orientation (100) crystal but as an epitaxial film of 
orientation (001), even if it is on Si single crystal substrate (001). The ferroelectricity excellent in 
furthermore having controlled stress, for example, the ferroelectric thin film which has a high 
remanence, is acquired. 

[0098] Although what is necessary is just to choose from what especially the material used for a 
ferroelectric thin film is not limited, but has a ferroelectricity suitably, the following material is suitable, 
for example. 

[0099] (A) Perovskite die materials : BaTi03 ;P Pb system perovskite compound;Bi system perovskite 
compounds, such as bTi03, a rare-earth-elements content lead titanate, PZT (zircon lead titanate), and 
PLZT (zircon titanic-acid lanthanum lead) etc. The above simplicity, composite, various stratified 
perovskite compounds. 

[0100] (B) Tungsten-bronze die materials : tungsten-bronze type oxides, such as SBN (niobic-acid 
strontium barium) and PBN (niobic-acid lead barium) etc. 
[0101] Hereafter, the ferroelectric material of these is explained. 

[0102] (A) Generally BaTi03, the lead system perovskite compound of PbTi03 grade, etc. are 
expressed with a chemical formula AB03 among perovskite die materials. Here, A and B express a 
cation respectively. As for A, it is desirable that they are one or more sorts chosen from calcium, Ba, Sr, 
Pb, K, Na, Li, La, and Cd, and, as for B, it is desirable that they are one or more sorts chosen from Ti, 
Zr, Ta, and Nb. What is necessary is to choose suitably [ for the purpose of what shows a ferroelectricity 
in a shell and a service temperature among these ], and just to use in this invention. 
[0103] Ratio A/B in such a perovskite type compound is 0.8-1.3 preferably, and is 0.9-1.2 more 
preferably. 

[0104] Since it becomes possible to be able to secure the insulation of a dielectric and to improve 
crystallinity by making A/B into such a range, a dielectric property or strong dielectric characteristics is 
improvable. On the other hand, less than by 0.8, if it becomes impossible to desire an improvement 
effect of crystallinity [ A/B ] and A/B exceeds 1 .3, formation of a homogeneous thin film will become 
difficult. Such A/B is realized by controlling membrane formation conditions. 

[0105] In addition, although the ratio x of O in ABOx is altogether expressed as this specification as 3 
like PbTi03, x is not limited to 3. Since there are some which construct the perovskite structure 
stabilized in an oxygen defect or hyperoxia depending on perovskite material, in ABOx, the value of x is 
usually 2.7 to about 3.3. In addition, A/B can be calculated from an X-ray fluorescence analysis. 
[0106] As an AB03 type perovskite compound used by this invention A A1+B5+03, A2+B4+03, and 
A3+B3+ - 03, AxB03, A (B'0.67B"0.33)O3, A (B^SB^'O^X^, A (B3+0.5 B5 +0.5)03, and A (B- 
2+0.5 B6 +0.5)03 - (B1+0.5B7+0.5) You maybe any of 03, A3+(B-2 +0.5B4+0.5) 03, A (Bl+0.25 
B5 +0.75)03, A (B3+0.5B4+0.5)O2.75, and A(B-2+0.5 B5 +0.5) 02.75 grade. 
[0107] Specifically, they are Pb system perovskite compounds, such as PZT and PLZT, CaTi03, 
BaTi03, PbTi03, KTa03, BiFe03, NaTa03, SrTi03, CdTi03, KNb03, LiNb03 and LiTa03, these 
solid solutions, etc. 

[0108] In addition, Above PZT is the solid solution of PbZr03-PbTi03 system. Moreover, Above PLZT 
is the compound with which La was doped by PZT, and if the notation of AB03 is followed, it is 
expressed, for example (Pb0.89-0.91La 0.1 1-0.09) (Zr0.65Ti0.35) like 03. 

[0109] Moreover, generally Bi system stratified compound is a formula among stratified perovskite 
compounds. It is expressed with Bi2Am-lBm03m+3. In the above-mentioned formula, m is the integer 
of 1-5, A is either Bi, calcium, Sr, Ba, Pb and rare earth elements (Sc and Y are included), and B is 
either Ti, Ta and Nb. Specifically, Bi4Ti 3012, SrBi2Ta 209, SrBi2Nb 209, etc. are mentioned. In this 
invention, any of these compounds may be used and these solid solutions may be used. 
[0110] The perovskite type compounds with desirable using for this invention are a titanate or a titanate 
content perovskite type compound, BaTi03 and SrTi03, PLZT, PZT, CaTi03 and PbTi03, a rare-earth- 
elements content lead titanate, etc. [ for example, ] As a rare earth content lead titanate, what contains O 
in R (at least one sort of rare earth elements as which R was chosen from Pr, Nd, Eu, Tb, Dy, Ho, Yb, Y, 
Sm, Gd, Er, and La), Pb, and Ti row is desirable. Among these, PLZT, PZT and PbTi03, and a rare- 
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earth-elements content lead titanate are more desirable. Especially PZT is suitable for memory in respect 
of spontaneous polarization, a dielectric constant, and the Curie point. And in this invention, epitaxial 
film-ization of impossible PZT is conventionally realizable. By epitaxial film-ization, the badness of the 
leak which was a problem in the conventional PZT thin film which is not single orientation, and the 
defatigation property by polarization reversal can be improved, and the high property of PZT original 
can be used. 

[01 1 1] As a rare-earth-elements content lead titanate, it is desirable that the rate of an atomic ratio uses 
the range of (Pb+R)/Ti=0.8-1 .3 and Pb/(Pb+R) =0.5-0.99 and the thing of the composition which is in 
the range of (Pb+R)/Ti=0.9-1.2 and Pb/(Pb+R) =0.7-0.97 especially. The rare-earth-elements content 
lead titanate of this composition is indicated by Japanese Patent Application No. No. 186625 [ eight to ]. 
By adding rare earth elements to PbTi03 by the above-mentioned ratio, Ec can be reduced and, 
moreover, it becomes possible to suppress reduction of the remanence value Pr accompanying it. 
Moreover, in the above-mentioned composition, since the rare earth elements which are hard to produce 
semiconductor-ization are added, the fewer ferroelectric thin film of leak is realized. Moreover, this 
invention persons traced having influenced the defatigation property of polarization reversal of the kind 
and amount of rare earth elements to add. In the above-mentioned composition, since the kind and 
amount of rare earth elements are made the optimal, the ferroelectric thin film excellent in the repeat 
property is realized. 

[01 12] R replaces by Pb located in A site of the basic perovskite which consists of PbTi03 material, and 
is made to transform a crystal. PbTi03 is a tetragonal phase type perovskite structure, and has a 
polarization shaft in c shaft orientations. Since the crystal deformation by R substitution decreases the 
ratio of an a-axis and c axis, although it decreases spontaneous polarization slightly, it can reduce the 
voltage (Ec) needed for polarization reversal. Since it replaces by the element located in B site of 
PbTi03 by rare earth elements other than R, for example, Ce, on the other hand, and a crystal cannot be 
transformed effectively and spontaneous polarization falls extremely, it is not desirable to device 
application. 

[01 13] In a rare-earth-elements content lead titanate, when (Pb+R)/Ti is too small, it becomes 
impossible to desire a crystalline improvement effect, and if (Pb+R)/Ti is too large, formation of a 
homogeneous thin film will become difficult. Moreover, good dielectric characteristics are obtained by 
making (Pb+R)/Ti into the above-mentioned range. If Pb/(Pb+R) is too small, while spontaneous 
polarization will become small, a dielectric constant will also become large or more with 1000 On the 
other hand, if Pb/(Pb+R) is too large, the addition effect of rare earth elements, i.e., the fall effect of Ec 
will become inadequate. It is easily realizable by controlling to mention the formation conditions of a 
ferroelectric thin film later to make Pb/(Pb+R) into the above-mentioned range. It can ask for the content 
of Pb, Ti, and R by the X-ray fluorescence analysis. 

[0114] Although a lead titanate is generally Pb:Ti:0=l : 1 :3, the ratio of oxygen changes with the kinds 
and amounts of R which are added in this invention, and O/Ti is usually 2.7 to about 3.3. 
[0115] In addition, at the rare-earth-elements content lead titanate, below 60 atom % of Ti may be 
replaced by at least one sort of Zr, Nb, Ta, Hf, and Ce. 

[0116] (B) As tungsten-bronze die materials, the tungsten-bronze die materials of Landoit- 
Borenstein.Vol. 16 publication of the collection of ferroelectric material are desirable. Specifically Nb 
(Ba, Sr) 206, Nb(Ba, Pb)206, PbNb 206, PbTa 206, BaTa 206, PbNb 401 1, PbNb 206, SrNb 206 
BaNb206 grades, and these solid solutions are desirable, and SBN [(Ba, Sr )Nb 206] and PBN T(Ba ' 
Pb )Nb 206] are desirable especially. ' 
[01 17] Although it is desirable that it is the crystallization film in which the polarization shaft carried 
out orientation to the substrate side and the perpendicular direction as for a ferroelectric thin film by this 
invention, a quality oxide conductivity thin film is formed on Si substrate, and since the ferroelectric 
thin film formed on it is made with an epitaxial film using the stress effect of this oxide conductivity 
thin film, the extremely excellent ferroelectric property is realized. Specifically, it is possible to consider 
as the epitaxial film of orientation in perovskite die materials (001), and considering as the epitaxial film 
of orientation (00 1 ) is possible in tungsten-bronze die materials. 
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[0118] The ferroelectric thin film which consists of perovskite die materials is formed through each thin 
film mentioned above on the substrate which has Si (100) front face. The desirable crystallographic-axis 
orientation relationship of a ferroelectric thin film and Si substrate is as follows. In addition, Si is a 
cubic. When a ferroelectric thin film is single (001) orientation, they are ferroelectric [100]// Si [010]. 
That is, as for a ferroelectric thin film and Si substrate, it is desirable that the shafts which exist in a field 
are parallel. 

[01 19] In case the ferroelectric thin film which consists of tungsten-bronze die materials is formed, it is 
desirable to use the substrate which has Si (100) front face. The desirable crystallographic-axis 
orientation relationships of the ferroelectric thin film in this case and Si substrate are ferroelectric [100]// 
Si [010]. 

[0120] As for the ferroelectric material used for a ferroelectric thin film, it is desirable to satisfy the 
conditions explained below. 

[0121] As for a ferroelectric thin film, it is desirable that compressive stress is accumulated by the misfit 
of the crystal lattice between the oxide conductivity thin films which are grounds in the temperature at 
the time of formation. For that, in the temperature at the time of ferroelectric thin film formation, it is 
desirable that the relation between the a-axis lattice constant aF of ferroelectric material (bulk object) 
and the lattice constant aS within the field of the oxide conductivity thin film formed on Si single crystal 
substrate is l<aF/aS<=1.04. Accumulation of compressive stress cannot be performed as aF/aS is one or 
less. If aF/aS is too large, though epitaxial growth of a ferroelectric thin film can become impossible or 
it can grow epitaxially, since misfit is too large on the other hand, it is easy to produce dislocation, and it 
becomes difficult to accumulate stress to a ferroelectric thin film. 

[0122] aS is set to 0.3966nm when the formation method which sets composition of an oxide 
conductivity thin film to SrRu03, and mentions it later is used. The desirable range of aF is set to 
0.3966 nm<aF<=0.4124nm at this time. In this case, it is desirable to use PZT as a ferroelectric material. 
PZT is the solid solution of PbTi03 and PbZr03, in the temperature at the time of ferroelectric thin film 
formation, both both are cubics and the lattice constant of 0.3968nm and PbZr03 of the lattice constant 
of PbTi03 is 0.4169nm. Therefore, aF of PZT will change from 0.3968nm before 0.4169nm according 
to the ratio of Zr and Ti. Composition of PZT which satisfies the above-mentioned desirable range of 
aF/aS is set to 0.23<=x<=1.00 when PZT is expressed with Pb(Zrl-xTix) 03. At the time of x= 1, it is 
PbTi03. 

[0123] In addition, with a bulk object, it becomes that x is about 0.4 or less in Pb(Zrl-xTix) 03 with 
********, and a polarization shaft is produced in the <1 1 1> directions. However, in the case of an 
epitaxial thin film, it does not become with but becomes a cubic or a tetragonal phase, and 

becomes the thin film which has a polarization shaft perpendicular to Si single crystal substrate front 
face. That is, since it becomes a different crystallized type from a bulk object and a polarization shaft 
becomes perpendicular to a substrate front face, in case the PZT epitaxial film realized by this invention 
is applied to various devices, it is advantageous. 

[0124] Although the combination of SrRu03 and PZT was mentioned as the example in the above- 
mentioned explanation, since a lattice constant is changeable by replacing a part of Sr site of SrRu03, 
and/or Ru site as mentioned above, accumulation of compressive stress is possible for a rare-earth- 
elements content lead titanate etc. also about ferroelectric material other than PZT. 
[0125] Thus, in the ferroelectric thin film which accumulated compressive stress using the misfit at the 
time of membrane formation, since the hauling stress produced by the difference in the coefficient of 
thermal expansion between Si single crystal substrates at the time of cooling is cancellable, degradation 
of spontaneous polarization can be suppressed, moreover, generating of domain structure and generating 
of a defect — it can stop — it is the epitaxial film of single (001) orientation, and a polarization shaft can 
obtain a ferroelectric thin film perpendicular to Si single crystal substrate front face 
[0126] As for the thickness of a ferroelectric thin film, it is desirable that it is 300nm or less, and it is 
50nm or less most preferably 75nm or less still more preferably lOOnm or less more preferably 150nm 
or less. In order to acquire the ferroelectric property which was excellent in the room temperature, it is 
desirable that compressive stress has arisen in a film surface at the time of ferroelectric thin film 
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formation. This compressive stress can be produced by absorbing misfit by the elastic distortion of a 
film. When a ferroelectric thin film is too thick, misfit cannot be absorbed by elastic distortion at the 
time of epitaxial growth but distortion absorption by dislocation comes to be performed, and it becomes 
impossible to produce effectively the 2-dimensional compressive stress in a film surface. However 
since the quality oxide conductivity thin film is used, also in a comparatively thick field, misfit is ' 
absorbable in this invention, with the elastic distortion of not dislocation but a film. However in order to 
produce bigger compressive stress, the one where a ferroelectric thin film is thinner is good. However 
in order to discover a ferroelectricity depending on the frame of a crystal lattice, and atomic 

oftinc" k^ess' ^ ^ l0W6St ' k ^ th ° Ught that h iS desirable ^ 5nm is re 1 uired for 2nm (five grids) 

Eir™? fo™ ele fV<™/ llm fr ° nt faCe is measured ^ AFM like the above, lOnm or less of Rz 

filriZ H. a v a r H, ena f g \° f 50 °i° nm i S ° r 1CSS m ° re preferabl y- The front face <>f a ferroelectric Mn 
film ,s desirable, and, as for such surface roughness, it is more preferably desirable to have realized in 
95% or more of field still more preferably 90% or more 80% or more. The above-mentioned surface 
roughness is a value which measures ten or more arbitrary places distributed over the average, when a 
W.r m > u?° u SUbStrate SUrface of 2 ^ "« of 10cm - Ther « and especially the 

ZZtT ^ 18 1° d6 T b,C ^ ? iS Smalh [ n ° ] Since the ca P aci * of memorV is proportionafto 
the number of bits when a ferroelectric thin film constitutes memory, in order to consider as a bulk 

!?thTZnt £ ? T reaS , e ±G n r b6r ° f bitS Per unit area - Since record Monies possible even 

if the front-face nature of a ferroelectric thin film carries out bit area to it being good small; the surface 

£S VSSZ inm 6 P ° int ^ inCreaS6S ^ nUmb6r ° f ^ ^ ~ w ' «~ 

Sl^l 1 ? 6 r mbrane sfructureob J' ect of •» electron device this invention is processed according to a 
semiconductor process, is constituted as the gate of a capacitor and FET, and let them be electron^ 

aonlvTo annnr T'^T" °f 8tructure - and 311 infrared sensor - M ^eover, it can 

apply to an optica modulator, an optical switch, OEIC, etc., and can apply to SQUID using the 

superconductor thin film, a Josephson device, a superconductivity transistor, an electromagnetic wave 

sensor, the superconductivity wiring LSI, etc. further. Moreover, it can appl^ to the present 

~ d " ctor device and can also use for wiring of a SOI device and LSI etc 

[0129] The membrane structure object of a record-medium this invention is applicable also to the record 
medium which records information with probes, such as AFM and STM (scaling tunneling 

SZlcS S« JSSFX T ferTOe,ectric with probes ' such as ^ is "* cated b y 

£S? i ( u" 6) - °? the OCCaS1 ° n 0f record ' first ' volta g e is impressed to a 

ferroelectric thin film with probes, such as AFM, and only the field by which the probe was carried out 
reverses polarization. The field by which polarization reversal was carried out series ZlTc^lit 
wil support information. The piezoelectricity effect of a ferroelectric, a pyroeleSric effec Te decu-o 
optical effect the current detection at the time of polarization reversa , e£ SSd I of 
information. Specifically, RF bias voltage is impressed to a record medium and a probe and Tt scans 

TZZSF^ V h V m i- 3 rec ° rd intemiediation bod y surface Reforms by the piLelecrtcity effect of 
a feiToelectnc thin film. Since the direction of polarization is reverse, piezoelectricity effects SfferTn a 

accoln* f ^ ' n0n / reCOrd , S t Cti ° n - F ° r thiS reaS ° n > in 3 -cord-medium front Z^^ZL 
defo^TI eX tH f \l%° Td b " aPPCarS ' ^ 3 r6COrd bit can be discriminated by detecting mis 
deformation with a probe. What is necessary is to impress the pulse voltage of reversed polarity wim the 

m m 5m T reC ^ d ' aM JUSt t0 reVerSe P olariza tfon, when eliminating a record bit. ^ 
10130] In addition, since the membrane structure object of this invention with which such a record 
reproduction method is applied needs to impress electric field to a ferroelectric^ fite at thTtime of 

^S^£SS^ of FMIS s ~ In - — - oxide ^ 

[0131] AFM and STM have the resolution of atomic level. Moreover, since polarization reversal speed 
of a ferroelectric is as high-speed as 100 or less ns and it is possible to form a record the sTze 

below lOnmphi, realization of the high-density memory of two or more [ 106 megabits //cm ] is 
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expected. In this invention, since the ferroelectric thin film which front-face nature is very good, and is 

excellent in a ferroelectricity is obtained, such high-density memory is realizable. 

[0132] The formation method of an oxide conductivity thin film, next the formation method of the oxide 

conductivity thin film in the film structure of this invention are explained in detail. 

[0133] The vacuum evaporationo equipment 1 shown in drawing 7 has vacuum tub la in which vacuum 

pump P was prepared, and the electrode holder 3 which holds a substrate 2 in the lower part is arranged 

in this vacuum tub la. It connects with the motor 5 through the axis of rotation 4, and can rotate by this 

motor 5, and this electrode holder 3 can rotate a substrate 2 now in the field. The above-mentioned 

electrode holder 3 builds in the heater 6 which heats a substrate 2. 

[0134] Vacuum evaporationo equipment 1 is equipped with the oxidizing gas feeder 7, and, as for the 
oxidizing gas feed hopper 8 of this oxidizing gas feeder 7, the above-mentioned electrode holder 3 is 
arranged immediately caudad. By this, as for a oxidizing gas, the partial pressure becomes high by about 
two substrate. Below, the 1st evaporator 9 of a electrode holder 3 which is a Sr evaporator, and the 2nd 
evaporator 10 which is an Ru evaporator are arranged further. The energy feeders (an electron ray 
generator, resistance heating equipment, etc.) which supply the energy for evaporation other than each 
evaporation source are arranged at each [ these ] evaporator. 

[0135] First, a substrate is set to the above-mentioned electrode holder, that whose front face is an Si 
(100) side at a substrate — Si single crystal is used preferably Moreover, it is also desirable to use as a 
substrate the thing in which said middle thin film, the ground thin film, etc. were formed on the front 
face of such a substrate. 

[0136] By this manufacture method, a homogeneous oxide conductivity thin film can be formed on a 
large area substrate, for example, a substrate with 10cm two or more area. Thereby, let the electron 
device and record medium which have an oxide conductivity thin film be a very cheap thing compared 
with the former. In addition, although there is especially no upper limit of the area of a substrate, in the 
present condition, it is about [ 400cm ] two. Although the present semiconductor process has 2-8 inches 
Si wafer and a thing especially in use using the 6 inch type wafer, this invention can respond to this. 
Moreover, it is also possible not the whole wafer surface but to choose with a mask etc. partially and to 
form an oxide conductivity thin film. 

[0137] Next, the oxide conductivity thin film is formed by heating a substrate in a vacuum and 
supplying Sr and Ru, and a oxidizing gas to a substrate front face. 

[0138] As for heating temperature, it is especially preferably desirable to consider as 900-1000 degrees 
C 850-1050 degrees C 800-1100 degrees C. 

[0139] As the above-mentioned oxidizing gas, oxygen, ozone, atom-like oxygen, N02, radical oxygen, 
etc. can be used. Hereafter, the case where oxygen gas is used as a oxidizing gas is explained concretely. 

[0140] First, oxygen gas is continuously supplied in a vacuum tub, exhausting the inside of a vacuum 
tub continuously with a vacuum pump. As for an oxygen gas partial pressure [ near the substrate ], it is 
desirable that it is about 10-3 to 10 to 1 Torr. The upper limit of an oxygen gas partial pressure was set 
to 10-1 Torr for keeping the vapor rate constant, without degrading the metal in the evaporation source in 
a vacuum tub. It is desirable to face to introduce oxygen gas into a vacuum tub, to inject gas from the 
near on the surface of a substrate, and to build near the substrate the field where an oxygen gas partial 
pressure is high. Thereby, the reaction on a substrate can be promoted more in the few amount of gas 
introduction. Since the inside of a vacuum tub is continuously exhausted at this time, almost all the 
portions of a vacuum tub have a low pressure of about 10-4 to 10 to 6 Torrs. The amount of supply of 
oxygen gas is a part for 5-25 cc/more preferably by 2-50 cc/. Since the optimal amount of supply of 
oxygen gas is decided by the capacity of a vacuum tub, and the factor of a pumping speed and others, it 
calculates the suitable amount of supply beforehand. 

[0141] With an electron beam etc., each evaporation source is heated, is evaporated, and is supplied to a 
substrate. Membrane formation speed is 0.100 - 0.500 nm/s more preferably 0.05 to 1.00 nm/s. If 
membrane formation speed is too slow, it will become difficult to keep membrane formation speed 
constant, and a film will tend to become heterogeneous. On the other hand, if membrane formation 
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speed is too quick, the crystallinity of the thin film formed will become bad and irregularity will arise on 
a front face. 

[0142] A SRO thin film becomes the thing excellent in front-face nature and crystallinity in composition 
of the Sr/Ru=0.94 neighborhood, as mentioned above. In order to form the SRO thin film of the 
desirable composition range, when the atomic ratio of Sr and Ru which are supplied from an evaporation 
source is expressed as E (Sr/Ru), it is preferably referred to as E(Sr/Ru) =0.75-0.95, is more preferably 
referred to as E(Sr/Ru) =0.75-0.93, and is referred to as E(Sr/Ru) =0.80-0.90 still more preferably A 
relation with the atomic ratio F (Sr/Ru) of Sr and Ru in the SRO thin film then formed in drawing 8 with 
E (Sr/Ru) by this invention persons' measurement is shown. Drawing 8 shows that the dependency of F 
(Sr/Ru) is not seen for E (Sr/Ru) at all to change of E (Sr/Ru) in the range of 0.75-0.95 F (Sr/Ru) at this 
time is about 0.94, and as mentioned above, it becomes the SRO thin film in which front-face nature and 
crystallinity are excellent m this composition. That is, SRO is desirable also at the point that it is 
stabilized and the thin film of desirable composition is obtained. In the case of vacuum evaporationo Ru 
and RuOx which are not included in superfluous Ru, RuOx, or the crystal structure will re-evaporate'on 
a substrate front face, and only the SRO thin film of a perovskite structure will grow on a substrate 
However, if E (Sr/Ru) is too large, it becomes difficult to fully supply Ru into a film, and the ratio of 
Sr/Ru in a film will become high too much, and will not serve as a crystalline high perovskite structure 
but will become inadequate [ the flat nature on the front face of a film ]. On the other hand if E (Sr/Ru) 
is too small, the ratio of Sr/Ru in a film will become low too much, Ru rich phase other than a 
perovskite phase will appear, it will deposit on a front face, and the irregularity on the front face of a 
film will become large. 

[0143] As explained above, a SRO crystal without the excess and deficiency of Ru can be grown up into 
a self-adjustment target on a substrate by setting vacuum evaporationo conditions as the predetermined 
range by making Sr and Ru into an evaporation source. Atomic-ratio Sr/Ru in the SRO thin film at this 
time is about 0.94, and a flat film front face is obtained on molecule level near [ this ] composition This 
method is an epoch-making method of manufacturing the SRO crystal thin film which has the flat nature 
of molecule level, and is a method by which the very high SRO thin film of crystallinity and front-face 
nature is obtained. 

[0144] Membrane formation area is 2 10cm. When forming membranes on the front face of a substrate 
with a diameter of 2 inches when it is beyond a grade for example, oxidation reaction can be promoted 
throughout a membrane formation field by rotating a substrate, as shown in drawing 7 , and supplying a 
oxidizing gas uniformly throughout a substrate front face. Thereby, moreover, formation of a 
homogeneous film is attained by the large area. As for the rotational frequency of a substrate at this 
time, it is desirable that they are ten or more rpm. A rotational frequency tends to produce the 
distribution of thickness in a substrate side with a low. Although there is especially no upper limit of the 
rotational frequency of a substrate, it is usually set to about 120 rpm on the mechanism of vacuum 
devices. 

[0145] As mentioned above, although the detail of the manufacture method of an oxide conductivity thin 
him was explained, smce this manufacture method can carry out especially in comparison with the 
conventional vacuum deposition method, the sputtering method, the laser abrasion method etc under 
the operating condition which does not have the room of mediation of an impurity so that clearly and 
which is moreover easy to control, it is suitable for obtaining the specified substance with high integrity 
with sufficient repeatability by the large area. y 
[0146] Furthermore, even if it uses MBE equipment in this method, the target thin film can completely 
be obtained similarly. " r j 

[0147] The manufacture method of a membrane structure object, next the manufacture method of 
m^o^T! 5 0ther ***** ±e ° xide conductivit y Ain film of a membrane structure object are explained 
[0148] Although what is necessary is just the method of forming, especially the formation method of a 
ground thm film, a middle thin film, and a ferroelectric thin film not being limited, but using these as a 
single orientation film or an epitaxial film on Si substrate, it is desirable to use preferably a vacuum 
deposition and the vacuum deposition currently especially indicated by Japanese Patent Application No 
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No. 219850 [ seven to ], Japanese Patent Application No. No. 240607 [ seven to ], Japanese Patent 
Application No. No. 186625 [ eight to ], etc. 

[0149] When using a substrate surface treatment Si single crystal substrate, it is desirable to perform 
surface treatment to a substrate before formation of a middle thin film. Below, the need for surface 
treatment is explained. 

[0150] Generally the surface structure in the number atomic layer on the front face of a crystal differs 
from the atomic-arrangement structure of the imagination front face considered when the crystal 
structure of bulk (big 3 -dimensional-like crystal) is cut. This is because the situation around the atom 
which appeared in the front face when the crystal of one side stopped there not being tends to change 
and it is going to be in the lower stable state of energy corresponding to this. The case where it stops at 
relief of an atomic position, and recombination of an atom mainly arise, and the structural change may 
form rearrangement structure. The former exists on almost all the crystal front face. Generally the latter 
forms a superstructure in a front face. This is called mxn structure, when setting the size of the unit 
vector of the surface structure of bulk to a and b and the superstructure of the size of ma and nb arises. 
[0151] In order to grow an oxide thin film epitaxially on Si substrate, the structure of Si substrate front 
face is stable, and the role which Si substrate front face reports that the crystal structure information is to 
the oxide thin film to grow up must be played. Since the atomic-arrangement structure considered when 
the bulk crystal structure is cut is lxl structure, the surface structure of the substrate for growing an 
oxide thin film epitaxially needs to be lxl stable structure. 

[0152] However, since the front face of Si (100) which it defecated serves as 1x2 or 2x1 structure so that 
it may mention later, and the front face of Si (1 1 1) becomes complicated super-structure with the big 
unit mesh of 7x7 or 2x8 structure, it is not desirable. 

[0153] Moreover, these Si front faces that it defecated are rich in reactivity, the residual gas especially 
hydrocarbon, and reaction in a vacuum are caused, by forming SiC in a front face, a substrate front face 
is polluted especially with the temperature (700 degrees C or more) which carries out epitaxial 
formation of the oxide thin film, and a surface crystal is confused at it. Therefore, on the occasion of 
formation of an oxide thin film, it is necessary to protect Si front face which was rich in reactivity. 
[0154] Since it is such, it is desirable to perform surface treatment to Si single crystal substrate by the 
following methods. 

[0155] By this method, it sets to the electrode holder which shows Si single crystal substrate which 
defecated the front face first to drawing 7 , and arranges in a vacuum tub, and it heats, introducing a 
oxidizing gas, and Si oxide layer is formed in a substrate front face. You may use air, although what is 
necessary is just to use the various above-mentioned oxidizing gases for a oxidizing gas. Si oxide layer 
is for protecting a substrate front face from a rearrangement, contamination, etc. As for the thickness of 
Si oxide layer, it is desirable to be referred to as about 0.2-10nm. Protection of Si front face becomes 
imperfect for thickness to be less than 0.2nm. The reason for having set the upper limit to lOnm is 
mentioned later. 

[0156] Grade maintenance is carried out for 0 - 10 minutes, and the above-mentioned heating is 
performed to the temperature of 300-700 degrees C. At this time, a programming rate is carried out in 
about 30-70 degrees C/minute. Conversely, temperature is too high, or if a programming rate is too 
quick, formation of Si oxide layer will become inadequate, and temperature will be too low, or if the 
holding time is too long, Si oxide layer will become thick too much. 

[0157] When using oxygen as a oxidizing gas, as for introduction of a oxidizing gas, it is desirable that 
make the inside of a vacuum tub into the vacuum of about 1x10-7 to 1x10 to 4 Torrs at the beginning, 
and the oxygen tension in the atmosphere near the substrate carries out by [ as being set to 1x10-4 - 
lxlO-lTorr ] at least by introduction of oxygen gas. 

[0158] It heats in a vacuum after the above-mentioned process. Since Si crystal on the front face of a 
substrate is protected by Si oxide layer, it reacts with the hydrocarbon which is residual gas, and 
contamination of SiC being formed does not occur. As for especially heating temperature, it is desirable 
to consider as 700-1 100 degrees C 600-1200 degrees C. lxl structure is not acquired on Si single crystal 
substrate front face as it is less than 600 degrees C. If it exceeds 1200 degrees C, protection of Si crystal 
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by Si oxide layer becomes less enough, and the crystallinity of Si single crystal substrate will be 
confused. 

[0159] Subsequently, Zr and a oxidizing gas, Zr and rare earth elements (Sc and Y are included), and a 
oxidizing gas are supplied to a substrate front face. In this process, metals, such as Zr, will return and 
remove Si oxide layer formed at the last process. The surface structure of lxl is formed in Si crystal 
front face exposed simultaneously of Zr and oxygen or Zr, rare earth elements, and oxygen. 
[0160] The pattern of the image by RHEED can investigate a surface structure. For example, in the case 
of the surface structure of lxl which is desirable structure, the direction of electron ray incidence serves 
as a perfect streak pattern of the 1 time period CI as shown in drawing 9 (a) by [1 10], and serves as the 
pattern completely same as for [1-10] in the direction of incidence. On the other hand, Si single crystal 
clean surface serves as a surface structure in which it is 1x2 or 2x1 in the case of a field (100), or 1x2 
and 2x1 are intermingled. In such a case, the pattern of RHEED is the direction of incidence of an 
electron ray [110], either of [1-10], or both, and turns into a pattern with the 1 time period CI as shown 
in drawing 9 (b), and the double-precision period C2. In the surface structure of lxl, it sees by the 
pattern of Above RHEED, and the directions of incidence are both [110] and [1-10], and the double- 
precision period C2 is not seen. <BR> [0161] In addition, Si (100) clean surface may also show lxl 
structure, and our experiment was also observed several times. However, the conditions which show lxl 
are indefinite, and it is impossible in the present condition to obtain lxl with stably sufficient 
repeatability in respect of Si pure. 1x2, 2x1, and lxl — even if it is the case of which structure, Si pure 
side is easy to be polluted with an elevated temperature among a vacuum, it reacts with the hydrocarbon 
contained especially in residual gas, SiC is formed, and the crystal on the front face of a substrate tends 
to be confused 

[0162] As for Zr or Zr, and rare earth elements, it is desirable that the thickness when carrying out the 
vacuum evaporationo of these in an oxidizing atmosphere, and forming an oxide film supplies 0.3-1 Onm 
so that it may be especially set to about 3-7nm. The display of such the amount of supply is hereafter 
called amount of supply in oxide conversion, if the effect of reduction of Si oxide of the amount of 
supply in oxide conversion in less than 0.3nm cannot fully demonstrate but exceeds lOnm — a front face 
— the irregularity of atomic level — generating — being easy — the array which is a surface crystal may 
be no longer lxl structure by irregularity The reason for having set the desirable value of the upper limit 
of the thickness of the above-mentioned Si oxide layer to lOnm is that possibility that it becomes 
impossible to fully return Si oxide layer will come out even if it supplies a metal as mentioned above if 
it exceeds lOnm. 

[0163] When using oxygen as a oxidizing gas, it is desirable to supply about 2-50cc /a minute. Since the 
optimal amount of supply of a oxidizing gas is decided by the factor of the capacity of a vacuum tub, a 
pumping speed, and others, it calculates the optimal amount of supply beforehand. 
[0164] As for a zirconium-oxide system thin film, it is desirable among the formation middle thin films 
of a middle thin film to form by the method which these people already proposed in Japanese Patent 
Application No. No. 93024 [ seven to ]. 

[0165] In formation of a thin film, a substrate is heated first. As for the heating temperature at the time 
of membrane formation, it is desirable that it is 400 degrees C or more because of crystallization of a 
zirconium oxide, and if it is 750 degrees C or more, in order to obtain the film excellent in crystallinity 
and to obtain the surface flat nature of molecule level especially, it is desirable that it is 850 degrees C or 
more. In addition, the upper limit of the heating temperature of a single crystal substrate is about 1300 
degrees C. 

[0166] Subsequently, while heating Zr, evaporating it with an electron beam etc. and supplying a 
substrate front face, rare earth elements are supplied to a substrate front face a oxidizing gas and if 
needed, and a zirconium-oxide system thin film is formed. Membrane formation speed is more 
preferably made into 0.100 - 0.500 nm/s 0.05 to 1.00 nm/s. If membrane formation speed is too slow, it 
will become difficult to keep membrane formation speed constant, on the other hand, if membrane 
formation speed is too quick, the crystallinity of the thin film formed will become bad and irregularity 
will arise on a front face. 
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[0167] In addition, about various conditions, such as oxygen tension the kind of oxidizing gas, its 
amount of supply, and near the substrate, and rotation of a substrate, it is the same as that of the case of 
the above-mentioned oxide conductivity thin film formation. 

[0168] What is necessary is to use only rare earth elements as an evaporation source, when carrying out 
the laminating of the rare earth oxide system thin film on a zirconium-oxide system thin film. The 
introductory conditions of the oxidizing gas at this time, the temperature conditions of a substrate, etc. 
are good like the case of a zirconium-oxide system thin film then. When using the same rare earth 
elements in both thin films, when a zirconium-oxide system thin film is formed in predetermined 
thickness, supply of Zr can be stopped, and a rare earth oxide system thin film can be continuously 
formed by supplying only rare earth elements succeedingly. Moreover, what is necessary is to reduce the 
amount of supply of Zr gradually and just to shift to formation of a rare earth oxide system thin film as 
zero finally, in making a zirconium-oxide system thin film into inclination structure. 
[0169] The case where BaTi03 film is formed as a ground thin film on a ground thin film middle thin 
film is explained. 

[0170] Ba and Ti are supplied to a substrate front face after middle thin film membrane formation, 
continuing heating and introduction of a oxidizing gas. As for the amount of supply, it is desirable to 
make it set to Ba:Ti=l:l. The temperature of the vacuum evaporationo substrate at the time of 
membrane formation and the Ba/Ti amount-of-supply ratio in early stages of membrane formation affect 
the stacking tendency of BaTi03 film. The orientation relationship of BaTi03 film, a middle thin film 
(Zrl-xRx02-delta), and Si (100) substrate The desirable relation mentioned above, i.e., BaTi03 
(001)//Zrl-xRxO2-delta(001)//Si, (100) And in order to make it set to BaTi03 [100]//Zrl-xRxO2 -delta 
[100]// Si [010], the heating temperature at the time of BaTi03 membrane formation has preferably 
desirable 900-1200 degrees C 800-1300 degrees C. Moreover, it is desirable 1-0, and for the Ba/Ti 
amount-of-supply ratio in early stages of growth to set to 1-0.8 preferably. That is, it is desirable to **** 
to overTi in early stages of growth. In addition, it is shown that you may be it supply of only Ti that a 
Ba/Ti amount-of-supply ratio is 0 in early stages of growth. If heating temperature is too high, counter 
diffusion will arise between middle thin films, and crystallinity will fall. On the other hand, if heating 
temperature is too low or the Ba/Ti ratio in early stages of growth is not suitable, it will become the 
orientation instead of orientation (110) which BaTi03 film formed makes the purpose (001), or (001) an 
orientation (110) crystal will be intermingled on orientation BaTi03 film. In early stages of growth, 
supplied Ba reacts with the zirconium-oxide system thin film of a ground, and BaTi03 which has the 
target orientation is hard to be obtained. Suppose that Ti is superfluous in early stages of growth for 
avoiding the reaction of Ba and a zirconium oxide. In addition, thickness is within the limits which is 
about lnm or less the early stages here of growth. 

[0171] About various conditions, such as oxygen tension the membrane formation speed at the time of 
ground thin film formation, the kind of oxidizing gas, its amount of supply, and near the substrate, and 
rotation of a substrate, it is the same as that of the case of the above-mentioned zirconium-oxide system 
thin film formation. 

[0172] As well as the case of the above-mentioned oxide conductivity thin film since it can enforce the 
above-mentioned formation method of a middle thin film or a ground thin film especially in comparison 
with the conventional vacuum deposition method, the sputtering method, the laser abrasion method, etc. 
under the operating condition which does not have the room of mediation of an impurity so that clearly 
and which is moreover easy to control, it is suitable to obtain the specified substance with good 
repeatability and high integrity by the large area. Even if it uses MBE equipment in the above- 
mentioned method, the target thin film can completely be obtained similarly. 

[0173] Although especially the formation method of a ferroelectric thin film ferroelectric thin film is not 
limited, a vacuum deposition is used preferably. Hereafter, the case where PZT is used as a ferroelectric 
material is explained as an example of the formation method. 

[0174] It is desirable in enforcing this formation method to use vacuum evaporationo equipment 1 as 
shown in drawing 7 . Here, although the PZT thin film which is the composition which added Zr is 
mentioned as an example and explained to PbTi03, the thin film which consists of other Pb system 
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ferroelectric material can be formed similarly. 

[0175] The vacuum evaporationo equipment 1 in this case is the same as the vacuum evaporationo 
equipment which made the 1st evaporator 9 into the PbO evaporator, made the 2nd evaporator 10 into 
the TiOx evaporator, and the 3rd evaporator 1 1 was made into Zr evaporator, and also is used for oxide 
conductivity thin film formation. 

[0176] It is because deposit efficiency will increase if PbO is used, although it re-evaporates if Pb is 
used for an evaporation source and is hard to adhere to a substrate front face, since the reason using an 
oxide (PbO) as a lead evaporation source has the high vapor pressure of Pb on a hot substrate, and the 
reason using TiOx is also that deposit efficiency is high similarly. When Ti is used instead of TiOx, in 
order that Ti may tend to oxidize rather than PbO, since oxygen is taken by Ti, PbO serves as Pb and 
this re-evaporates it, it is not desirable. 

[0177] x [ in addition, ] in TiOx - desirable — l<=x<1.9 - more - desirable - K=x<1.8 - further - 
desirable — 1.5<=x<=1.75 - it is 1.66<=x<=1.75 especially preferably If such TiOx applies heat energy, 
it will fuse within a vacuum tub and the stable vapor rate will be obtained. On the other hand, since the 
vapor rate which the pressure fluctuation in a vacuum tub became large, and was stabilized in order to 
change to TiOx, emitting oxygen within a vacuum tub if heat energy is applied is not obtained, 
composition control is impossible for Ti02. 

[0178] First, a substrate is set to the above-mentioned electrode holder. That by which the oxide 
conductivity thin film is formed at least on Si single crystal substrate is used for a substrate. 
[0179] Next, the ferroelectric thin film is formed by heating a substrate in a vacuum and supplying PbO, 
TiOx and Zr, and a oxidizing gas to a substrate front face. 

[0180] As for especially heating temperature, it is desirable to consider as 550-650 degrees C 500-700 
degrees C. A crystalline high ferroelectric thin film is it hard to be obtained to be less than 500 degrees 
C. If it exceeds 700 degrees C, a lead steam and a substrate composition element will react and a 
crystalline lead system ferroelectric film will be hard to be obtained. 

[0181] As the above-mentioned oxidizing gas, although oxygen, ozone, atom-like oxygen, N02, radical 
oxygen, etc. can be used, it is desirable to consider as the oxygen which radical-ized most most [ parts 
or]. 

[01 82] Here, the case where the radical oxygen by the source of efficient consumer response oxygen is 
used is explained. 

[0183] Most supplies the radical-ized oxidizing gas continuously in a vacuum tub from the source of 
efficient consumer response oxygen, exhausting the inside of a vacuum tub continuously with a vacuum 
pump. As for oxygen tension [ near the substrate ], it is desirable that it is about 10-3 to 10 to 1 Torr. 
The upper limit of oxygen tension was set to 10-1 Torr for keeping the vapor rate constant, without 
degrading the metal in the evaporation source in a vacuum tub. It faces introducing a oxidizing gas into 
a vacuum tub, and gas is injected from the near on the surface of a substrate, it can be good to build the 
atmosphere of high oxygen tension only near the substrate, and, thereby, the reaction on a substrate can 
be promoted more in the few amount of gas introduction. Since the inside of a vacuum tub is 
continuously exhausted at this time, almost all the portions of a vacuum tub have a low pressure of about 
10-4 to 10 to 6 Torrs. The amount of supply of a oxidizing gas is a part for 5-25 cc/more preferably by 
2-50 cc/. Since the optimal amount of supply of a oxidizing gas is decided by the factor of the capacity 
of a vacuum tub, a pumping speed, and others, it calculates the suitable amount of supply beforehand. 
[0184] With an electron beam etc., each evaporation source is heated, is evaporated, and is supplied to a 
substrate. Membrane formation speed is 0.100 - 0.500 nm/s more preferably 0.05 to 1.00 nm/s. If 
membrane formation speed is too slow, it will become difficult to keep membrane formation speed 
constant, and a film will tend to become heterogeneous. On the other hand, if membrane formation 
speed is too quick, the crystallinity of the thin film formed will become bad and irregularity will arise on 
a front face. 

[0185] What is necessary is just to supply them on a substrate with the vapor rate of the ratio 
corresponding to the composition ratio made into the purpose, since TiOx and Zr are incorporated by the 
PZT crystal as which it supplied and as which the whole quantity grows on a substrate mostly. However, 
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since vapor pressure is high, PbO tends to cause a composition gap, and control is difficult for it. With 
the ferroelectric material of a lead system, there is no composition gap and the thin film more near a 
single crystal is not obtained until now. By this formation method, this property of PbO is used 
conversely and the amount-of-supply ratio to the substrate from a PbO evaporation source is made 
superfluous to the ratio in the PZT film crystal formed. The degree of overage considers Pb/ (Ti+Zr) as 
the atomic ratios E of Pb supplied from an evaporation source, and (Ti+Zr) [Pb/(Ti+Zr)]. When Pb/ 
(Ti+Zr) is considered as Pb in the ferroelectric thin film then formed, and the atomic ratios F with 
(Ti+Zr) [Pb/(Ti+Zr)], These relations E[Pb/ They are E[Pb/(Ti+Zr)]/F[Pb/(Ti+Zr)] =1.7-2.5 and the 
thing more preferably set to E[Pb/(Ti+Zr)]/F[Pb/(Ti+Zr)] =1.9-2.3 preferably. (Ti+Zr)]/F[Pb/(Ti+Zr)] 
=1.5-3.5 - It is. PbO which is not included in superfluous PbO or a superfluous perovskite structure will 
be re-evaporated on a substrate front face, and only the PZT film of a perovskite structure will grow on a 
substrate. E [Pb/(Ti+Zr)] If /F [Pb/(Ti+Zr)] is too small, it becomes difficult to fully supply Pb into a 
film, and the ratio of Pb/(Ti+Zr) in a film will become low too much, and will not serve as a crystalline 
high perovskite structure. On the other hand, if E[Pb/(Ti+Zr)]/F [Pb/(Ti+Zr)] is too large, the ratio of Pb/ 
(Ti+Zr) in a film will become large too much, other Pb rich phases will appear besides a perovskite 
phase, and perovskite single phase structure will no longer be acquired. 

[0186] As explained above, by raising deposit efficiency, using PbO and TiOx as an evaporation source, 
and oxidizing powerfully by radical oxygen, and setting substrate temperature as the predetermined 
range, the excess and deficiency of Pb twist and the PZT crystal of a stoichiometry grows up to be a 
self-adjustment target on a substrate mostly. This method is an epoch-making method of manufacturing 
the lead system perovskite crystal thin film of a stoichiometry, and is a method by which a crystalline, 
very high ferroelectric thin film is obtained. 

[0187] When forming membranes on the front face of a substrate with a diameter of 2 inches when 
membrane formation area is 10cm about [ 2 or more ] for example, oxidation reaction can be promoted 
throughout a membrane formation field by rotating a substrate, as shown in drawing 7 , and supplying a 
oxidizing gas uniformly throughout a substrate front face. Thereby, moreover, formation of a 
homogeneous film is attained by the large area. As for the rotational frequency of a substrate, at this 
time, it is desirable that they are ten or more rpm. A rotational frequency tends to produce the 
distribution of thickness in a substrate side with a low. Although there is especially no upper limit of the 
rotational frequency of a substrate, it is usually set to about 120 rpm on the mechanism of vacuum 
devices. 

[0188] As mentioned above, although the detail of the formation method of a ferroelectric thin film was 
explained, since this method can be enforced especially in comparison with the conventional vacuum 
deposition method, the sputtering method, the laser abrasion method, etc. under the operating condition 
which does not have the room of mediation of an impurity so that clearly and which is moreover easy to 
control, it is suitable to obtain the specified substance with good repeatability and high integrity by the 
large area. 

[0189] Furthermore, even if it uses MBE equipment in this method, the target thin film can completely 
be obtained similarly. 

[0190] Although how to form a PZT thin film was explained above, this method can be applied also to 
formation of the thin film which consists of said Pb system ferroelectric material of other, and the same 
effect is acquired also by these cases. Moreover, it is applicable also to Bi system oxide thin film Also 
in Bi system oxide thin film, since the vapor pressure of Bi was high, although composition control was 
inadequate in the vacuum until now, it is checking that it can form similarly by changing a PbO 
evaporation source to 20Bi3 evaporation source in this method. It is incorporated by the self-adjustment 
target at a crystal that Bi is not in Bi system, and the ferroelectric thin film crystal of a stoichiometrv is 
obtained. J 

[0191] Since a ferroelectric thin film is formed with the membrane structure object of this invention on 
the oxide conductivity thin film in which surface flat nature and crystallinity are excellent it is able to 
make the front face flat on molecule level with 50nm or less in thickness, even if a ferroelectric thin film 
is thin. 
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[0192] 

[Example] Hereafter, the concrete example of this invention is shown and this invention is further 
explained to a detail. 

[0193] Si single crystal wafer (diameter of 2 inches) which cut and carried out mirror polishing as a 
single crystal substrate into which an example 1 oxide conductivity thin film is grown up so that the 
front face might turn into a field (100) was used. Etching washing of this wafer front face was carried 
out by ammonium-fluoride solution 40%. 

[0194] It heated at 600 degrees C, having rotated the substrate by 20rpm and introducing oxygen near a 
substrate at 25 cc a rate for /from a nozzle, in order to protect a substrate washing side using Si oxide 
after fixing the above-mentioned single crystal substrate to the substrate electrode holder equipped with 
the rotation and the heating mechanism which were installed in the vacuum tub and exhausting a 
vacuum tub with an oil diffusion pump to 10-6Torr. The substrate front face was oxidized thermally by 
this, and Si oxide layer with a thickness of about lnm was formed in the substrate front face 
[0195] Subsequently, 900 degrees C was made to heat and rotate a substrate. The rotational frequency 
was set to 20rpm At this time, oxygen gas was introduced at 25 cc a rate for /from the nozzle, and Metal 
Zr was evaporated from the evaporation source on the aforementioned substrate, it supplied so that it 
might convert into the thickness of Zr02 and might be set to 5nm, and Si surface treatment substrate 
equipped with the surface structure of lxl was obtained. 

■°} 9 SlT hCrm °?' Zr ° 2 film 1 with a ^ckness of lOnm was formed by setting substrate temperature 
into 900 degrees C, setting a substrate rotational frequency to 20rpm, and supplying Metal Zr to Si 
surface treatment substrate front face from an evaporation source, where oxygen gas is introduced at 25 
cc a rate for /from a nozzle. 

[0197] Subsequently, BaTi03 film was formed by using as a vacuum evaporationo substrate the 
substrate m which Zr02 film was formed. The vacuum evaporationo substrate was heated at 900 degrees 
C, and [was rotated by 20rpm. At this time, BaTi03 film was formed by introducing oxygen gas at 25 cc 
a rate for /from a nozzle, and evaporating Metal Ba and Metal Ti from an evaporation source on a 
substrate. It supplies so that only Ti may be converted into the thickness of Ti02 film and it may be set 
to 0.5nm in early stages of membrane formation, subsequently Ti and Ba are supplied so that it mav 
convert into the thickness of BaTi03 film by making membrane formation speed into 0.05 nm/s and 

t0 2nm - s « bs f<l uentl y Membrane formation speed was gathered to 0.2 nm/s, it considered as 
BaTi03 film with a thickness of 15nm, and Si (100) / Zr02 (001) (lOnm) / BaTi03 (001) epitaxial 
structure was produced. H 
[0198] Furthermore, the SRO thin film was formed by using this epitaxial structure as a vacuum 
evaporationo substrate. The subsfrate was heated at 950 degrees C and it was made to specifically rotate 
by 20rpm first. And the SRO thin film with a thickness of lOOnm was formed by introducing oxygen gas 
at 25 cc a rate for /fronv the source of oxygen, and evaporating Sr and Ru from each evaporation source 
on a substrate. Supply from an evaporation source was performed controlling so that the mole ratio of 
Sr:Ru is set to 1 : 1 . 15. That is, it was referred to as E(Sr/Ru) = 0 87 

i ^^^^S^^ 5 bWatiVtCi composition (atomic ratio) of the above-mentioned SRO 

SS^tT 116 X diffraction chart of the above-mentioned SRO thin film is shown in drawing 10 , and a 
RHEED measurement result is shown in drawing 1 1 . In this SRO thin film, only the reflective (00L) 
peak was accepted and it has checked that the half-value width of the rocking curve of SRO (002) 
reflection was 1.2 degrees, and was single orientation and a crystalline high film. Moreover the 
diffraction pattern on the front face of a thin film by RHEED is a pattern which is completely a streak 
and has checked that it was an epitaxial film from this pattern that is completely a streak. 
[0201] As a result of measuring the resistivity of the above-mentioned SRO thin film, it was 4 08x10-4 
ohm-cm. Moreover it was 0 J966nm when the lattice constant within the field in 600 degrees C of the 
above-mentioned SRO thin film was measured. 

Front -f ac u e n ^ ™ as investigated using AFM about the above-mentioned SRO thin film The 
ima S e of thls SRO thin fil ™ front face is shown in drawing 4 . When the ten-point average^ of 
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roughness height Rz (a criteria length of L:5000nm) by JIS B 0610 was measured, it turns out that it has 
the flat nature which is 5nm or less in 2nm and 80% or more of a measurement part, and was [ on the 
a 7l ae ^X X l W,t t 4nm and ±c maximum at 6nm ^ the minimum. In addition, the AFM image 

? ^ ? n^Z ,lm Wh ° S % F - (Sr/Ru) iS 1235 ab0Ut 1116 A™ ima S e of * e SR 0 thin film whose F 
(Sr/Ru) is 0.900 at drawing 3 is shown in drawing 5 for comparison. When drawing 3 - drawing 5 are 
compared based on the scale shown in drawing 6 and Sr/Ru is 0.935, a bird clapper is known most 
evenly [ a front face J. 

[0203] Next, the vacuum evaporationo of the PZT which is ferroelectric material was carried out by 
having used as the vacuum evaporationo substrate the epitaxial structure in which the above-mentioned 
SRO thin film was formed, and the PZT film was formed. The substrate was heated at 600 degrees C 
and it was made to specifically rotate by 20rpm first. And the PZT film of the thickness shown in 
drawing 13 was formed by introducing radical oxygen gas at ten cc a rate for /from the source of 
efficient consumer response oxygen, and evaporating PbO, TiOx (x= 1.67), and Zr from each 

t^T°V° m f C ^^ 'S?* 6 - SuPply fr ° m 3,1 eva P° rati <>n source was performed controlling so that 
mo^?lx^ ^ b n :ZnTl ° X 18 S6t t0 2:0 - 6:0 - 4 - That is, it was referred to as E[Pb/(Ti+Zr)l =2 0 
0204] Wher, iX-ra> 'fluorescence investigated composition (atomic ratio) of this PZT film, it was Pb/ 
[Pb/(T^^^ composition, since it is set to F[Pb/(Ti+Zr)] =1.00, it is set to E 

[°^° 5] fES ^ latt ife constant (aS) in 600 degrees C of the SRO thin film which the lattice constant 
fiS IT fvf T C H° f S^F buUc ™ terial of composition is 0.4090nm, and exists under a KT 
film on the other hand is 0.3966nm as described above, said l<aF/aS<=l 04 will have been satisfied Tt 
was checked as a result of RHEED and the X diffraction that all the tJ^f^^S^" 
are epitaxial films of orientation (001). In addition, it has checked that the half-value width of die 
rocking curve of PZT (002) reflection was 1.2 degrees, and was the film of high crystallinTty The X 

1 9 ^ oSS 131 StrUCtUre WhJch Prepared ** PZT fllm with a thickness offoOnm Yn 
drav^J2 is shown. (200) It turns out that an orientation side is not detected and the domain is not 

[0206] About each formed PZT film, it asked for the lattice constant (c spacing) of c axis from the field 
reflection m an X diffraction (001). The relation between the thickness of a PZT filmed c s^actg is 
shown m drawingJl .The undistorted spacing of PZT, i.e., the spacing of the PZT bulk materia of the 
same composition as this PZT film, (0.4063nm) is shown in drawing 13 material oi me 

[0207] DrawingJl shows that it is in the inclination for c axis to be extended, so that the c axis of a PZT 
film is extended rather than PZT bulk material in all (30nm in thickness, 50nm, and 100nm)Td 
thickness becomes thin. This shows that accumulation of the compressive stress by misfiT^a? 
performed, the a-axis was shrunken, and c axis was extended 

[0208] When front-face nature was investigated using AFM about these thin films and the ten-point 

^^S^^f? *5f ^ C ? 6 ? T 0l ; L:5000nm > ^ ™ B 0610 was measured fuXer, it 
ST r i ? WhlCh 18 5nm ° r less in 2nm md 80% or ™™ of a measurement part 

m^oof U° n J" aVCrage ] / xce ! ,ent with 5nm the maximum at 7nm and the minimum. 
[0209] Thus, the vacuum deposition and the lithography method were used for the PZT film front face 

in!ttet:zi ?r ,al rm- al ^rr electrode with a diameter ° f 50 ^0^7^^ 

3£S^^2S^ in thin8 with a thickness — - 20 ~ - 

fSI 0] f ThlS f i! SUlt ?° WS - hat thC 2 - dimen sional compressive stress accumulated on a PZT film at the 
time of membrane formation increases, and the remanence value when cooling to a room teZeratule 
increases in connection with this, so that a PZT film becomes thin temperature 
[021 1] The epitaxial structure which has a SRO thin film was produced like examnle 2 examnle 1 Th^ 
vacuum evaporationo of the PZT which is ferroelectric material was carried our^y having^ed tnis 
epitaxial structure as the vacuum evaporationo substrate, and the PZT film was formed. T^bSlte 
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was heated at 600 degrees C and it was made to specifically rotate by 20rpm first. And the PZT film 
with a thickness of 30nm and the PZT film with a thickness of lOOnm were formed by introducing 
radical oxygen gas at ten cc a rate for /from the source of efficient consumer response oxygen, and 
evaporating PbO, TiOx (x= 1.67), and Zr from each evaporation source on a substrate. Supply from an 
evaporation source was performed controlling so that the mole ratio of PbO:Zr:TiOx is set to 
2:0.25:0.75. That is, it was referred to as E[Pb/(Ti+Zr)] =2.0. 

[0212] When X-ray fluorescence investigated composition (atomic ratio) of this PZT film, it was Pb/ 
(Ti+Zr) =1.00 and Zr/Ti=0.330. In this composition, since it is set to F[Pb/(Ti+Zr)] =1.00, it is set to E 
[Pb/(Ti+Zr)]/F[Pb/(Ti+Zr)] =2.00. 

[0213] Since the lattice constant (aS) in 600 degrees C of the SRO thin film which the lattice constant 
(aF) in 600 degrees C of the PZT bulk material of this composition is 0.40 18nm, and exists under a PZT 
film on the other hand is 0.3966nm as described above, said l<aF/aS<=1.04 will have been satisfied. As 
a result of RHEED and the X diffraction, the orientation (100) side could not be detected but it was 
checked that all the thin films formed on the substrate are epitaxial films of orientation (001). In 
addition, it has checked that the half-value width of the rocking curve of PZT (002) reflection was 1.2 
degrees, and was the film of high crystallinity. The X diffraction chart near [ in the epitaxial structure 
which prepared the PZT film with a thickness of lOOnm in drawing 14 ] the PZT (002) is shown. (200) 
It turns out that an orientation side is not detected and the domain is not generated. 
[0214] About each formed PZT film, it asked for the lattice constant (c spacing) of c axis from the field 
reflection in an X diffraction (001). The c axis of a PZT film was 0.41 3 8nm in the thing with a thickness 
of 30nm at 0.4140nm and the thing with a thickness of lOOnm. It is these PZT films and these 
composition, and it turns out that it is in the inclination for c axis to be extended, so that c axis is 
extended by any PZT film from PZT bulk material and thickness becomes thin since undistorted c 
spacing of PZT, i.e., c spacing of the bulk object of this composition, is 0.4134nm. This shows that 
accumulation of the compressive stress by misfit was performed, the a-axis was shrunken, and c axis 
was extended. 

[0215] When front-face nature was investigated using AFM about these thin films and the ten-point 
average of roughness height Rz (a criteria length of L:5000nm) by JIS B 0610 was measured further, it 
turns out that it has the flat nature which is 5nm or less in 2nm and 80% or more of a measurement part, 
and was [ on the average ] excellent with 5nm and the maximum at 7nm and the minimum. 
[0216] Thus, the vacuum deposition and the lithography method were used for the PZT film front face 
of each obtained epitaxial structure, aluminum electrode with a diameter of 50 micrometers was formed 
in it, the lead was taken out from the SRO thin film, and the remanence was measured using the SOYA 
tower circuit. Consequently, in the structure whose thickness of a PZT film is lOOnm, a remanence is 
48microC/cm2, and 55microC/cm2 was reached in the thing with a thickness of 30nm. It is thought that 
this value is the highest value among the remanence values acquired in the ferroelectric of a thin film 
until now. 

[0217] This result shows that the 2-dimensional compressive stress accumulated on a PZT film at the 
time of membrane formation increases, and the remanence value when cooling to a room temperature 
increases in connection with this, so that a PZT film becomes thin. 

[0218] In addition, when applied to the record medium which mentioned above the membrane structure 
object produced in each above-mentioned example, the record reproduction by the AFM probe was 
possible. 
[0219] 

[Effect of the Invention] In this invention, the high oxide conductivity thin film of flat nature is realized 
on Si substrate. Using the high oxide conductivity thin film of flat nature, the crystal lattice in the 
ferroelectric thin film formed on it is made distorted so that the interval of the crystal face parallel to a 
film may be extended, or the membrane structure object in this invention makes it an almost undistorted 
state. Since a ferroelectric thin film can be formed by this as an epitaxial film of the single (001) 
orientation which does not take domain structure, while increase of the spontaneous-polarization value 
of a ferroelectric thin film or fall prevention of a spontaneous-polarization value is attained, the flat 
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nature of a ferroelectric thin film front face will become very good. 

[0220] The membrane structure object of this invention is applicable to non-volatile memory, an 
infrared sensor, an optical modulator, an optical switch, OEIC, a record medium, etc. by using the 
property of the outstanding ferroelectric thin film. It is the the best for the record-medium use which 
records with the gate type non- volatile memory which has MFMIS structure especially, and probes, such 
as AFM. 

[0221] The manufacture method of this invention is the method of being the operating condition which 
is easy to control and forming a quality oxide conductivity thin film with sufficient repeatability over a 
large area with a diameter of 2 inches or more which enables formation of the oxide conductivity thin 
film excellent in front-face nature and crystallinity on Si substrate, and does not have the room of 
mediation of an impurity. Since this invention is that whose formation of the above-mentioned oxide 
conductivity thin film and the above-mentioned ferroelectric thin film was enabled on important Si 
substrate on semiconductor application, its industrial utility value is high. 



[Translation done.] 
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PRIOR ART 



[Description of the Prior Art] The electron device which formed the superconductivity film, the 
dielectric film, the ferroelectric film, etc. on Si substrate which is a semiconducting-crystal substrate, 
and was integrated is devised. In the combination of a semiconductor and a superconductor, it is by 
combining a semiconductor, a superconductor, a dielectric, and a ferroelectric. SQUID, a Josephson 
device, a superconductivity transistor, an electromagnetic wave sensor, the superconductivity wiring 
LSI, etc. are mentioned, and a nonvolatile memory, an infrared sensor, an optical modulator and an 
optical switch, OEIC, etc. are made as an experiment in the combination of a semiconductor and a 
dielectric in the combination of the dielectric separation LSI, semiconductor, and ferroelectric by still 
higher LSI of a degree of integration, and SOI technology. 

[0003] In these electron devices, in order to secure the optimal device property and its repeatability, it is 
required to use a single crystal as superconductor material, dielectric materials, and a ferroelectric 
material. In the polycrystalline substance, it is difficult to obtain a good device property because of the 
disturbance of the physical quantity by the grain boundary. This is the same also about a thin film 
material, and an epitaxial film near the most perfect possible single crystal is desired. 
[0004] Therefore, examination of an epitaxial film is made for the purpose of the application mentioned 
above in recent years. For example, the ferroelectric epitaxial film formed on the MgO substrate is 
indicated by J.A.P.76(12), and 15 and 7833 (1994). 

[0005] However, although it is necessary to enable integration with a semiconductor and a ferroelectric 
in order to apply to an actual device, it is very difficult to incorporate a MgO substrate into Si device. 
However, it is also very difficult to form a crystalline good BaTi03 (001) single orientation film on Si 
(100) substrate to form a single orientation ferroelectric thin film on Si single crystal substrate. On the 
other hand, this invention persons have proposed the method of forming the epitaxial thin film of a 
ferroelectric easily on Si single crystal substrate in Japanese Patent Application No. No. 217884 [ eight 
to ] etc. 

[0006] However, the property of the ferroelectric thin film formed on Si substrate is usually more 
greatly [ than the property computed from the property of ferroelectric original ] inferior. The property 
of a ferroelectric, for example, a dielectric constant, Curie temperature, anti-electric field, and a 
remanence change with the stress which a ferroelectric has. And control of stress is important in order to 
form the ferroelectric thin film which has the property which was excellent in the thin-film-ized 
ferroelectric since it was easy to generate stress with membrane formation. About especially property 
degradation of the ferroelectric thin-film-ized on Si substrate, the influence of stress is large. 
[0007] for example, above-mentioned J. A. - P.76 (12), 15 and 7833 (1994), and A.P. - although it is in 
L.59 (20), and 1 1 and 2524 (1991) about the case where not Si single crystal substrate but a MgO single 
crystal substrate is used, it is pointed out that the two-dimensional stress in a film surface does influence 
in a ferroelectric property strongly The main causes of stress generating are the differences, for example, 
a coefficient-of-thermal-expansion difference, a lattice constant difference, etc., of the physical 
properties of a substrate and a ferroelectric etc. which are a ground. For this reason, if the stress 
mentioned above is not controlled in order to apply a ferroelectric thin film to a device, a desirable 
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ferroelectricity cannot be acquired stably. 

[0008] By the way, Pb system ferroelectrics, such as PbTi03, PLT (La addition PbTi03) PZT 
(PbZrO3-PbTi03 solid solution), and PLZT (La addition PbZr03-PbTi03 solid solution), are in a thing 
with a property desirable as a ferroelectric. Since polarization shafts are the [001] directions, as for many 
of Pb system ferroelectrics, it is desirable that it is a single orientation film in respect of strong dielectric 
characteristics (001). However, according to research of this invention persons, when Pb system 
ferroelectric thin film was formed on Si single crystal substrate, it turns out that the domain structure in 
which the orientation (001) crystal and the orientation (100) crystal were intermingled is easy to be 
formed. Although it is hard coming to generate domain structure by increasing the addition of La for 
example in a PLT thin film by adjusting composition, in that case, a ferroelectric property will become 
remarkably low. Moreover, it was very difficult to be easy to produce domain structure and to also use 
as a single orientation film the PZT thin film currently used abundantly as an outstanding ferroelectric 
matenal in the composition region where a ferroelectric property becomes good, i.e., the composition 
region where Ti/Zr (atomic ratio) is comparatively large. It turns out that a property becomes low rather 
than the case where when it came to such domain structure the ferroelectric property became remarkably 
low and forms on a MgO substrate rather than a single crystal. 

[0009] It is thought that one with it difficult [ to form the single orientation film of Pb system 
ferroelectric on Si single crystal substrate ] is based on the reason for explaining below. In the following 
explanation, PZT is mentioned as an example as a Pb system ferroelectric. 
[0010] Although each of Si and MgO(s) has a coefficient of thermal expansion smaller than PZT 
especially the coefficient of thermal expansion of Si is 2.6x1 0-6/degree C, and is remarkably small 
compared with the coefficient of thermal expansion (14x1 0-6/degree C) of MgO If it follows for 
example, formation temperature of a PZT thin film is made into 600 degrees C after formation Si 
substrate will check contraction of a PZT thin film in the process cooled to a room temperature! and the 
comparatively big hauling stress of 2-dimensional one will arise in the field in a PZT thin film By the 
film with big 2-dimensional hauling stress, the fall of a spontaneous-polarization value arises so that it 
may mention later. And it is going to ease this hauling stress and it is thought that PZT serves as a film 
with which an orientation (001) crystal and an orientation (100) crystal are intermingled, and the fall of a 
spont^eous-polanzation value becomes remarkable. Moreover, since big hauling stress will exist in a 

I .u e ^f n bec ° mes a sin § le °"entation film (001), a ferroelectric property will become low 
rather than the film with which orientation (001) and orientation (100) are intermingled 
[001 1] By the way, the super-high density record medium which is made to carry out polarization 
reversal of the ferroelectric with an AFM (atomic force microscope) probe etc., and records information 
mni oTT f rCCent yCarS ' A PP l Ph y s L ett.68 [ for example, ], and 2358 (1996) is examined 
[0012] A ferroelectric is a material which polarization reverses on a certain threshold voltage When 
fSf 3 ? lnformation is wri" 611 in by impressing a pulse voltage to a ferroelectric with an 

AFM probe, an STM (scanning tunneling microscope) probe, etc., and only the field by which the probe 
was earned out arranging polarization with ** on the other hand, or reversing polarization The 
piezoelectricity effect of a ferroelectric, a pyroelectric effect, the electro-optical effect the current 
detection at the time of polarization reversal, etc. can be used for read-out of information 
[0013] AFM and STM have the resolution of atomic level. Moreover, since polarization reversal speed 
of a ferroelectric is as high-speed as 100 or less ns and it is possible to form a record bit with the size 
below lOnmphi, if a record bit is formed in a lOnmxlOnm field, the high-density memory of about [ 106 
megabits //cm ] two is realizable. 

[0014] What formed the ferroelectric thin film of a polycrystal on the substrate in which the conductor 
layer was formed as above ferroelectric media for AFM or STM memory has been used. In the medium 
by the polycrystal ferroelectric thm film, the irregularity of the grain boundary of a ferroelectric thin 
lilm, a domain, and a front face serves as a noise. 

[0015] Since the distance between the probes and media in AFM or STM memory is nanometer order 
the uniform front face in nanometer order is required also of the memory medium. Homogeneity such 
as a charge by which a trap is carried out to surface irregularity, crystallinity, a domain, and a front face, 
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is important. Because, if homogeneity, such as a charge by which a trap is carried out to the surface 
irregularity of a medium, crystallinity, a domain, and a front face, is bad in order to control the relative 
position of a probe and a record medium using an actuator in case it writes in and the address is carried 
out to a record bit in the case of read-out, a bit cannot be read normally. Or high-speed operation cannot 
be performed. Moreover, if the flat nature of a medium is bad, the noise by the charge by which a trap is 
carried out to surface irregularity, crystallinity, a domain, and a front face will mix in a record bit signal. 
Conventionally, by the medium using the ferroelectric thin film, the medium which surface homogeneity 
is inadequate and has a uniform front face with nanometer order was not used. 

[0016] If a ferroelectric is formed in the form of an epitaxial film on a substrate in order to realize the 
high record medium of flat nature, the flat nature of molecule level can be obtained. However, since it is 
necessary to form this ferroelectric medium on the substrate in which the conductive thin film was 
formed, on the bad conductive thin film of flat nature, the high ferroelectric thin film front face of flat 
nature is not obtained. Moreover, in order to form a ferroelectric in the form of an epitaxial film, you 
must be the conductive thin film which was able to take adjustment of ferroelectric material and a 
crystal lattice. 

[0017] Furthermore, as mentioned above, the ferroelectric material used here needs to be practically 
formed on Si substrate, and a ferroelectric property must not deteriorate by stress, domain formation, 
etc. therefore, to the super-high density record medium which is made to carry out polarization reversal 
of the ferroelectric with an AFM probe etc., and records information Carry out grid adjustment with 
ferroelectric material, and the conductive high thin film of surface flat nature with high and crystallinity 
is required, and the ferroelectric thin film which is excellent in the strong **** property which does not 
have degradation by stress, domain formation, etc. further is required. And you have to realize such a 
conductive thin film and a ferroelectric thin film on Si substrate which is a practical substrate. However, 
the membrane structure object equipped with such a thin film was not acquired until now. 
[0018] In addition, it is indicated by Japanese Patent Application No. No. 245642 [ eight to ] by these 
people by forming a ferroelectric thin film on the conductive thin film which consists of Pt that the 
ferroelectric excellent in flat nature is obtained. However, the ferroelectric thin film formed on Pt thin 
film needs to improve further about the flat nature of a long period comparatively, although the flat 
nature of a short period is comparatively good. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is the graph which shows the relation between the two-dimensional stress of a 
ferroelectric (PbTi03) thin film, and spontaneous polarization. 

[Drawing 2] (a), (b), and (c) are explanatory drawings which express typically deformation of the thin 
film crystal lattice at the time of existing a gap (misfit) of a lattice constant between a single crystal 
substrate and the epitaxial thin film formed on it. 

[Drawing 3] It is the drawing substitution photograph in which a thin film is shown, and is the atomic 
force microscope (AFM) image in which the relation between atomic-ratio Sr/Ru [F (Sr/Ru)] of a SRO 
thin film and the front- face nature of a SRO thin film is shown. 

[Drawing 4] It is the drawing substitution photograph in which a thin film is shown, and is the AFM 
image in which the relation between atomic-ratio Sr/Ru [F (Sr/Ru)] of a SRO thin film and the front- 
face nature of a SRO thin film is shown. 

[Drawing 5] It is the drawing substitution photograph in which a thin film is shown, and is the AFM 
image in which the relation between atomic-ratio Sr/Ru [F (Sr/Ru)] of a SRO thin film and the front- 
face nature of a SRO thin film is shown. 

[Drawing 6] It is the drawing substitution photograph in which a thin film is shown, and is the scale in 
which boom hoisting of the SRO thin film front face in the AFM image shown in drawing 3 - drawing 5 
is shown. 

[Drawing 7] In this invention, it is explanatory drawing showing an example of the vacuum 
evaporationo equipment used for formation of a thin film. 

[Drawing 8] It is the graph which shows the atomic ratio [E (Sr/Ru)] of Sr and Ru supplied from an 
evaporation source, and a relation with atomic-ratio Sr/Ru [F (Sr/Ru)] of the SRO thin film formed. 
[Drawing 9] (a) is the ** type view showing the RHEED pattern of the surface structure of lxl, and (b) 
is the ** type view showing a RHEED pattern in case 2x1, 1x2, or these are intermingled. 
[Drawing 10] It is the X diffraction chart of Si (100) / Zr02 (001) (lOnm) / BaTi03 (001) (15nm) / SRO 
(lOOnrn) structure. 

[Drawing 1 1] It is the drawing substitution photograph in which the crystal structure is shown, and is the 
RHEED pattern of the SRO thin film formed on Si (100) / Zr02 (001) (lOnm) / BaTi03 (001) (15nm) 
structure. The direction of incidence of an electron ray is the direction of Si [1 10]. 
[Drawing 12] It is the X diffraction chart of Si (100) / Zr02 (001) (lOnm) / BaTi03 (001) (15nm) / SRO 
(100nm)/PZT (lOOnm) structure. 

[Drawing 13] It is the graph which shows the relation between membranous thickness and c spacing 
about the PZT film formed on Si (100) / Zr02 (001) (lOnm) / BaTi03 (001) (15nm) / SRO (001) 
(lOOnm) substrate. 

[Drawing 14] It is the X diffraction chart of Si (100) / Zr02 (001) (lOnm) / BaTi03 (001) (15nm) / SRO 

(100nm)/PZT (lOOnm) structure. 

[Description of Notations] 

1 Vacuum Evaporationo Equipment 
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la Vacuum tub 

2 Substrate 

3 Electrode Holder 

4 Axis of Rotation 

5 Motor 

6 Heater 

7 Oxidizing Gas Feeder 

8 Oxidizing Gas Feed Hopper 

9 1st Evaporator 

10 2nd Evaporator 

1 1 3rd Evaporator 
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DRAWINGS 



[Drawing 1] 
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[Drawing 2] 
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[Drawing 9] 
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[Drawing 121 
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[Drawing 13] 
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